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Smoking cessation in chronic obstructive pulmonary disease 
• De toename van ontstekingsparameters in de luchtwegen bij COPD patienten 
na het stoppen met roken past, gezien de klinische verbetering, bij herstel 
van de schade in de luchtwegen (dit proefschrift). 
• De kans op succes van een stoppen-met-roken programma neemt toe als dit 
in het kader van wetenschappelij k  onderzoek plaatsvindt (dit proefschrift). 
• De verbetering van hyperreactiviteit na het stoppen met roken bij COPD 
patienten wordt niet veroorzaakt door veranderingen in ontstekingscellen 
in de luchtwegen (dit proefschrift). 
• Hoewel stoppen met roken werelwijd als een van de belangrijkste middelen 
geldt ter preventie en verbetering van een zeer groot aantal z iekten, is er 
te weinig onderzoek dat zich richt op de effecten van stoppen met roken 
(dit proefschrift). 
• In het onderzoek naar de onderliggende pathofysiologische mechanismen 
bij COPD moeten rokers en ex-rokers als aparte groepen onderzocht worden 
(dit proefschrift). 
• Het implementeren van nieuwe richtlijnen voor COPD Ievert veel werk op, 
maar leidt niet automatisch tot nieuwe wetenschappelijke gezichtspunten. 
• In  wetenschappelijk onderzoek zijn controlegroepen onmisbaar voor een 
goede interpretatie van de resultaten, enige controle hierop door de medisch 
ethische commissies i s  dan ook gewenst. 
• Het motiveren van artsen om rokers te adviseren om te stoppen met roken 
is net zo belangrijk als het motiveren van rokers zelf. 
• Ademhaling is van levensbelang, hetgeen blijkt uit de opwaardering van de 
"A van airway" in het onlangs vernieuwde basic l ife support. 
• De zorg om de zorg blijft zorgelijk. 
• Het invoeren van DBC's  (diagnose behandeling combinaties) bevordert het 
"hokjes denken" in de geneeskunde. 
• De enige gezonde sigaret is die van pure chocolade. 
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21 december 2005 
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Introduction 
Smoking has hazardous and widespread effects on human health, 
resulting in a highly increased risk to develop cancer, atherosclerosis and 
heart- and lung diseases. It is the main risk factor in the development of 
chronic obstructive pulmonary disease (COPD) since 90% of patients with 
COPD have smoked or are still smoking [ 1 ] .  
COPD i s  a major and still growing health problem and the only disease 
with increasing mortality worldwide. It is ranked as the S1h most common 
cause of death in Europe and has been predicted to be the third most 
common cause of disease worldwide by 2020 [2]. Next to this, COPD is 
associated with decreased quality of life,  chronic disabilities, and with 
hospital admissions and absenteeism from work [3 ;4] .  The prevalence 
of COPD also increases in the developing countries, which is due to the 
increasing prevalence and incidence of smoking in these countries and 
the indoor air pollution resulting from cooking and heating with fuel 
biomass and coal, another risk factor for the development of COPD [5 ;6] .  
Only 1 5 -20% o f  the smokers develop clinical COPD, i .e .  the presence of 
irreversible lung function loss, accelerated decline in lung function and 
respiratory symptoms [ 1] .  COPD not only affects the lungs but has also 
systemic effects like muscle wasting and weight loss [7]. The disease 
relentlessly progresses with continued smoking and smoking cessation is 
the only treatment that slows the accelerated decline in lung function and 
thus the progression of the disease. 
The effects of smoking on the lungs 
Smokers without COPD 
Smoking is associated with induction of airway inflammation and 
changes in lung morphology that are generally associated with an 
increase in respiratory symptoms and reduction in lung function [8;9] .  
Young smokers already experience more often respiratory symptoms 
like coughing and sputum production when compared to age-matched 
nonsmokers. Even in asymptomatic smokers lung function, as measured 
by the forced expiratory volume in 1 second (FEV), is often lower than in  
nonsmokers [ 1 0-1 3] .  
Several inflammatory and structural changes have been reported in the 
peripheral airways of even young asymptomatic smokers, such as an 
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increase in the number of goblet cells and macrophages, a decrease 
of ci l iated cells in the airways and a decrease in alveolar attachments 
[8; 14; 1 5] .  In addition, inflammation is present in sputum and broncho­
alveolar lavage (BAL) of asymptomatic smokers, as reflected by increased 
inflammatory cell numbers (macrophages, neutrophils, and in some 
reports  lymphocytes and eosinophils) compared to nonsmokers, as 
well as higher levels of pro-inflammatory cytokines [tumour necrosis 
factor-alpha (TNF-a) and interleukin-6 (IL-6)] and chemokines [monocyte­
chemoattractant protein- 1 (MCP-1) and interleukin-8 (I L-8)] [16-2 7] .  The 
density of neutrophils, eosinophils, CD3+ ,  CD4+ and CD8+ cells in the 
submucosa of the central airways is  similar between asymptomatic 
smokers and nonsmokers. Only the number of macrophages in the 
epithelium and the number of CD8+ cells near the pulmonary arteries 
in the peripheral airways are higher in asymptomatic smokers [ 28-32] .  
At a higher age, both the peripheral airways and t he central airways are 
affected by smoking, i .e. they contain more goblet cells and inflammatory 
cells [ 33 ] .  
In summary, airway inflammation is increased in smokers without 
respiratory symptoms compared to nonsmokers. In t hese asymptomatic 
smokers the peripheral airways appear to be more extensively and earlier 
affected by smoking than the central airways. 
Chronic obstructive pulmonary disease 
COPD is characterised by chronic airway obst ruction that progresses 
slowly over the years, which may be accompanied by respiratory 
symptoms, l ike cough, phlegm and dyspnoea. The severity of 
COPD is marked by a lower lung function (FEV1 and FEV/ Forced 
Vital Capacity (FVC) ratio) and an accelerated decline in FEV1• 
Airway hyperresponsiveness is common in these patients and its 
severity contributes to the rate of lung function decline [34]. Airway 
hyperresponsiveness is generally measured by methacholine, a 
stimulus of cholinergic receptors that induces smooth muscle 
contraction. Furthermore, indirect stimulis can be used like adenosine-
5 '-monophosphate (AMP) which indirect ly induces smooth muscle 
contraction predominantly via mast-cell mediator release. Airway 
hyperresponsiveness to AMP is also increased in smokers with COPD 
compared to t heir healthy counterparts [35 ] .  
COPD is a disease state characterised by airflow limitation that is not 
fully reversible. The airflow l imitation is usually both progressive and 
associated with and abnormal inflammatory response of the lungs to 
• 
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Figure 1: 
noxious particles or gases. It  is a heterogeneous disease with three 
main pathological processes (subtypes) that are present in the lungs 
of most COPD patients: (l) chronic (obstructive) bronchitis in the large 
airways, i .e .  a productive cough for at least three months for at least two 
subsequent years, which is caused by mucus hypersecretion; (2) small 
airway disease with airway obstruction caused by inflammation, fibrosis 
and accumulation of mucous in the lumen; (3) emphysema, marked by 
an enlargement of air spaces and destruction of lung parenchyma and 
alveolar attachments, and loss of elastic recoil [36 ;3  7]. In most patients 
all three components are concomitantly present, but differ in the 
proportion and severity of chronic obstructive bronchitis, small airway 
disease and emphysema. In this thesis airway inflammation is assessed by 
induced sputum and bronchial biopsies, investigating mainly the central 
airways. 
There are at least three pathogenic factors that are believed to play a 
role in the development and progression of COPD: (l) increased airway 
inflammation, (2) imbalance in proteases/anti-proteases and (3) oxidative 
stress [36- 38]. 
Smoking has an etiologic role in all three processes that are intrinsically 
linked (figure 1 ) .  In the airways of smokers with COPD, inflammation 
Pathological mechanisms in 
the development of COPD, the 
role of cigarette smoke. 
Abbreviations: n= neutrophi/s, 
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is even more increased than in asymptomatic smokers, especially the 
number of macrophages, neutrophil s  and CD8 positive T-cells. The exact 
role of T-cells in the pathophysiol ogy of COPD is not yet cl ear. They seem 
to play a role in cytolysis and apoptosis of epithel ial cells and alveolar 
cells and their presence may partly be due to a response to chronic 
colonisation with bacteria or viruses [ 37] .  
Macrophages and neutrophil s  are not  only important producers of 
cytokines but also of proteases, such as serine proteases (neutrophil 
elastase), cysteine proteases (cathepsins) and matrix-metalloproteinases. 
Normally proteases are counter-regulated by anti-proteases. The function 
of these anti-proteases appears to be impaired in COPD, either by the 
direct influence of smoking on anti-proteases or due to oxidants produced 
by other cells in response to smoking [37] .  In addition, oxidants can 
activate proteases [39] .  Oxidative stress is  increased in COPD patients, 
possibly due to constituents of cigarette smoke itself and due to 
inflammatory cells l ike neutrophil s  and macrophages, which produce 
oxidants. Oxidative stress activates the transcription factor nuclear 
factor-kappa B, which in turn induces TNF-alpha, interleukin-8 and other 
inflammatory proteins, and therefore can contribute to an increase in 
inflammation. Thus, the pathogenesis of COPD is complex. To date the 
exact mechanisms underlying COPD development and progression are far 
from clear. 
Smoking cessation 
Effects of smoking cessation in COPD 
There is no cure for patients with COPD so far. The available 
bronchodilators and inhaled corticosteroids may rel ieve respiratory 
symptoms, improve qual ity of l ife and reduce the number of 
exacerbations, yet they do not influence the progression of the disease. 
The current best treatment for COPD is smoking cessation, since it 
decreases chronic respiratory symptoms, the number of exacerbations 
and it slows down the accelerated decl ine in  FEV1 and thus the 
progression of the disease [40 ;41 ] .  
Little is known about the effect of  smoking cessation on airway 
inflammation and structural changes in  the lungs of COPD patients. 
Turato et al . [42] showed no differences in  inflammation in bronchial 
biopsies between smokers and ex-smokers with COPD. Rutgers et al . 
showed that ex-smokers with COPD had more inflammation in the 
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airways than ex-smokers without COPD [43] .  These cross-sectional 
studies suggest that airway inflammation persists to a certain level after 
smoking cessation .  However, up to now this has not been validated in a 
longitudinal way. There seems to be a discrepancy between the clinical 
improvement after smoking cessation in COPD patients and the ongoing 
inflammation in the airways. The question remains whether smoking 
cessation reduces airway inflammation in association with the observed 
deceleration of decline in FEV1 and respiratory symptoms. 
Smoking cessation as therapy 
Primary prevention is regarded as the most desirable goal in effort to 
control tobacco-related diseases. So far it is a difficult task to ban this 
habit. In the Netherlands, the prevalence of smokers among adults and 
adolescents is decreasing since 2004, from 30% in 2002 to 27% in 2004 
and from 1 9% to 1 6% respectively [44]. In contrast, the prevalence of 
cigarette smokers is still increasing in the developing countries and 
consequently the prevalence of COPD [5] .  Smoking cessation remains an 
important tool in the control of tobacco related diseases. 
Smoking cessation is important for all smokers, i rrespective whether 
they have symptomatic disease. It prevents development of other 
smoke-related diseases like cardiovascular disease and lung cancer. In 
asymptomatic smokers, smoking cessation diminishes the risk to develop 
smoking-related diseases like COPD. In smokers with COPD, smoking 
cessation is the only treatment so far that stops the progression of 
disease. Smoking cessation is a difficult task, even more so in smokers 
with COPD [45] .  Until now, surprisingly l ittle is known about the best 
ways to guide smokers with COPD during smoking cessation .  I t  is 
believed that a combination of pharmacological and psychosocial therapy 
is the best method to quit smoking in COPD patients [46;47] . Factors that 
also may have an impact on successful smoking cessation are a subject's 
perception of changes attributed to smoking cessation, like general or 
specific aspects of well-being, changes in respiratory symptoms, quality 
of l ife and cognitive performance . 
1 General Introduction 
Aims of the studies 
This thesis describes the results of a longitudinal study investigating 
the effects of smoking cessation on airway inflammation, airway 
hyperresponsiveness, respiratory symptoms, quality of l ife and cognitive 
performance in smokers with COPD and asymptomatic smokers. Smokers 
with and without COPD were included into a one-year group-orientated 
behavioural smoking cessation. Before and 2, 6, and 1 2  months after 
smoking cessation several investigations were performed (table 1). 
In addition, the efficacy of the used smoking cessation program was 
evaluated. 
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Abbreviations: CCQ= clinical COPD Questionnaire, QoL= quality of life, AHR= airway 
hyperresponsiveness, AMP= adenosine 5'-monophosphate, SC= smoking cessation 
First an extensive review is given regarding the background of this 
research project, followed by chapters addressing the research questions 
that were put forward: 
1. What is the state-of-art knowledge with respect to the effects of 
smoking cessation on respiratory symptoms, lung function, airway 
hyperresponsiveness, and airway inflammation in smokers with and 
without chronic bronchitis or COPD? 
Chapter 2: The impact of smoking cessation on respiratory symptoms, lung 
function, airway hyperresponsiveness and inflammation. 
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2 .  How successful was the designed one-year smoking cessation program 
and which features of this program can be used in the future to guide 
smokers with and without COPD who wish to quit? 
Chapter 3: High cessation rates of smoking both in subjects with and 
without COPD. 
3 .  Do cognitive performance, quality of life scores and respiratory 
symptoms improve after smoking cessation? Is this d ifferent between 
smokers with COPD and asymptomatic smokers? 
Chapter 4: Improvements in cognitive performance and quality of life after 
smoking cessation in COPD 
4. Does smoking cessation affect both direct and indirect airway 
hyperresponsiveness in smokers with COPD? Is there a relationship with 
sputum inflammation? 
Chapter 5: Smoking cessation improves both direct and indirect airway 
hyperresponsiveness in COPD. 
5 .  Is there a difference in airway inflammation between smokers with 
COPD and asymptomatic smokers? Is airway inflammation in sputum 
or bronchial biopsies more related to current smoking, e.g. the number 
of cigarettes smoked per day or to cumulative smoking, e.g. pack-years 
smoking? 
Chapter 6: Association of current smoking with airway inflammation in 
chronic obstructive pulmonary disease and asymptomatic smokers 
6. Does smoking cessation affect airway inflammation in sputum and 
bronchial biopsies in smokers with COPD and asymptomatic smokers? Is 
there a difference in response between the two groups? 
Chapter 7: Effect of 1 -year smoking cessation on airway inflammation in 
COPD and asymptomatic smokers 
7. Does smoking cessation affect matrix-metalloproteinases and their 
inhibitors as measured in induced sputum and bronchial biopsies from 
smokers with COPD and asymptomatic smokers? 
Chapter 8: Effect of 1 -year smoking cessation on matrix-metalloproteinases 
and their inhibitors in COPD 
In the final chapter (Chapter 9) a summary and discussion is given of all 
results, with a perspective to the future. 
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Abstract 
Smoking is the main risk factor in the development of chronic obstructive 
pulmonary disease (COPD), and smoking cessation is the only effective 
treatment for avoiding or reducing the progression of this disease. 
Despite the fact that smoking cessation is a very important health 
issue, information about the underlying mechanisms of the effects of 
smoking cessation on the lungs is surprisingly scarce. It is likely that the 
reversibility of smoke-induced changes differs between smokers without 
chronic symptoms, smokers with nonobstructive chronic bronchitis and 
smokers with COPD. This review describes how these three groups differ 
regarding the effects of smoking cessation on respiratory symptoms, 
lung function (FEV1) ,  airway hyperresponsiveness and pathological 
and inflammatory changes in the lung. Smoking cessation clearly 
improves respiratory symptoms and bronchial hyperresponsiveness, 
and prevents excess decline in lung function in all three groups. Data 
from well-designed studies are lacking on the effects on inflammation 
and remodelling, and the few available studies show contradictory 
results. In COPD, a few histopathological studies suggest that airway 
inflammation persists in exsmokers. Nevertheless, many studies have 
shown that smoking cessation improves the accelerated decline in FEV1 , 
which strongly indicates that important inflammatory and/or remodelling 
processes are positively affected. 
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Introduction 
Smoking may lead to cl inically recognised chronic obstructive pulmonary 
disease (COPD) in 1 5-20% of those who smoke. COPD is clinically 
characterised by chronic respiratory symptoms like cough and sputum 
production, by airflow limitation (according to the European Respiratory 
Society (ERS), a forced expiratory volume in one second (FEY1 )/vital 
Capacity (YC) < 88% of the predicted value in males or < 89% pred in 
females) and an accelerated decline in FEY1 (>50  mL/year). Smoking i s  
the most important risk factor for developing COPD [ 1 ] .  and smoking 
cessation is the only effective treatment slowing down the accelerated 
decline in FEY1 [2 ;3 ] .  Pathological changes in the airways of COPD 
patients are increased with respect to: 1) the number and size of glands, 
2)  inflammation, 3) fibrosis and 4) destruction of alveolar attachments. 
In contrast almost 50% of the smokers develop chronic bronchitis, i.e. 
chronic respiratory symptoms without airway obstruction [ 1 ] .  Chronic 
bronchitis is characterised by chronic cough and sputum production, 
being associated with the abundant presence of mucus-producing 
elements in the large airways. Approximately 30% of the smokers do 
not have chronic symptoms or abnormal lung function. Nevertheless, 
even these so called 'healthy smokers' show subtle changes in lung 
morphology, lung inflammation and lung function [4-9]. Smoking, 
apparently, always affects the lungs, although the extend and severity 
of changes differ importantly between individuals. The question arises 
whether the reversibility of these changes also differs after smoking 
cessation. Consequently, the primary aim of this review is to provide an 
overview of the effects of smoking cessation on respiratory symptoms, 
lung function (FEY1 and extent of longitudinal decline in FEY1), bronchial 
hyperresponsiveness and pathological and inflammatory changes in 
the lungs of the above-mentioned groups. Furthermore, important 
clinical variables are compared with the underlying pathological and 
inflammatory changes after smoking cessation. 
Definitions, selection of articles and structure 
Smokers were defined according to the definitions given in table l. ERS 
( 1 995)  [ 1 ]  rather than Global Initiative for Chronic Obstructive Lung 
Disease [ 1 0] criteria were used for chronic bronchitis and COPD, since 
most articles included in this review were written before the introduction 
of these guidelines. References to chronic bronchitis are to the "pure" 
non-obstructive form. Especially in  large general population studies, 
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Table 1: Definitions used for the different groups of smokers in this review 
Chronic 
FEV/VC 
FEVI Group % pred symptoms# 
M F 
% pred 
nonsmokerl no > 8 8  > 8 9  >80 
smoker no > 88 > 89 >80 
smoker with chronic bronchitis yes > 88 > 89 >80 
smoker with mild COPD yes < 88 < 89 >70 
smoker with moderate COPD yes < 88 < 89 50-69 
smoker with severe COPD yes < 8 8  < 89 sSO 
FEVr· forced expiratory volume in one second; VC: vital capacity; M: male; F: female; %pred: 
percent predicted. 
• chronic cough and phlegm for ;;,:3 months/year for"' 2 successive years; · subject who has not 
smoked >1 cigarette/day for 1 year, without chronic symptoms or airway obstruction. 
it was sometimes difficult to allocate the subjects to one of the above· 
described groups. In such studies all subjects were regarded as healthy 
at inclusion, yet, afterwards, some of them could be defined as having 
chronic bronchitis or asthma. Data of patients with asthma were excluded 
but not data regarding atopy since COPD patients can be atopic (most 
articles investigating COPD patients exclude atopic individuals). Only 
articles investigating adult subjects (age > 18 years) were included. 
Both longitudinal studies investigating smokers (with or without COPD) 
before and after smoking cessation and cross-sectional studies comparing 
smokers and exsmokers (with or without COPD) were selected. In the 
present review a "smoker" is defined as someone who smokes and 
does not have chronic respiratory symptoms and airway obstruction. 
An "exsmoker" was defined as someone who quits smoking before the 
start of the study and refrains from smoking during the study, whereas 
a "quitter" is someone who smokes at the start of the study but quits 
smoking during or at the start of the study. 
The structure of this review on smoking cessation is as follows. Effects 
of smoking cessation on respiratory symptoms, lung function, airway 
hyperresponsiveness (AHR), and pathological and inflammatory changes 
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are described in separate sections. In each section, the effects of smoking 
cessation in smokers without chronic bronchitis or COPD are described 
first, followed by the effects of smoking cessation in smokers with chronic 
bronchitis or with d ifferent stages of COPD. Within each category cross­
sectional studies are described first and then, if available,  longitudinal 
studies. 
Collection of data 
The MEDLINE search ( 1 966-2002) consisted of a combination of the 
fol lowing keywords :  smok*, smoking cessation ,  healthy smokers, 
exsmoker, chronic bronchitis, COPD, chronic obstructive pulmonary 
disease, respiratory symptoms, symptoms, cough, sputum, pleghm, 
shortness of breath, breathlessness, dyspnea, dyspnoea, lung, lung 
function, FEV 1 ,  decline in FEV 1 ,  bronchial hyperresponsiveness, airway 
hyperresponsiveness, BHR, AHR, AMP, adenosine-5'-monophosphate, 
histamine, methacholine, inflammation, sputum, BAL, biopsy and exhaled 
NO. Limits were set for the English language. Additional relevant studies 
were identified by manual ly searching the bibliographies of the articles 
retrieved. 
Respiratory symptoms 
Subjects without chronic respiratory symptoms 
The reported prevalences of intermittent cough, phlegm and wheeze 
are 5 -2 1%, 5 -30%, and 1 - 1 9%, respectively, in exsmokers, and 1 0-40% 
for both cough and phlegm and 7-32 % for wheeze in smokers [ 1 1 - 1 9] .  
In contrast, the prevalence of dyspnoea is similar between exsmokers 
and smokers (ranging from 2 to 4 1%),  suggesting that the sensation of 
dyspnoea is either not reversible after smoking cessation, or due to 
factors other than lung disease. These cross-sectional studies suggest 
that respiratory symptoms improve after smoking cessation. However, 
symptoms apparently do not disappear as the prevalences of respiratory 
symptoms in exsmokers are reported as higher or simi lar to those found 
in nonsmokers [ 1 1 - 1 5 ; 1 9 ; 20] . 
Longitudinal studies are in line with the above cross-sectional studies 
showing that most intermittent symptoms (cough, phlegm and wheeze) 
decrease within 1 -2 months after smoking cessation [2 1 -2 7] .  The 
prevalence of cough and wheeze decreases to that in  nonsmokers, 
whereas the prevalence of phlegm remains slightly higher [2 1 ;2 5] . 
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Furthermore, symptoms are also less likely to develop later in life if 
smokers without chronic symptoms quit smoking [28 ; 29].  For instance, 
Krzyzanowski et a/. showed that only 1 2% of quitters versus 29% of 
persistent smokers developed cough or phlegm [28]. The effect of 
smoking cessation on dyspnoea in this group of smokers is not uniform 
in different studies. Three studies, in which the length of smoking 
cessation varied from 2-6 weeks to 1 - 1 2  years, showed no difference in 
the prevalence of dyspnoea after smoking cessation. In these studies 
dyspnoea was defined as the feeling of "shortness of breath", "having to 
stop for a breath while walking up a slight hill" or "walking with other 
people of the same age on the level ground" [ 25 ; 27;28] . Another study 
suggested that 5 years smoking cessation led to a small increase in  
dyspnoea when hurrying on the level or walking up a slight hill (4 1 to 
5 2%) [ 2 1 ] .  An increase in body weight, as often occurs during smoking 
cessation, might explain the increase in dyspnoea, but this was not 
investigated in this study. Yet, using again another definition, "difficulty 
breathing", Pederson et a/. showed that dyspnoea improved in 1 2  smokers 
after 1 and 18 months smoking cessation, despite an increase in body 
weight [30] .  
The wide range of prevalences found among the available studies might 
be due to differences in the definition of symptoms, questionnaires 
used and/or study population, such as age , gender and geographic 
differences. This may also be an explanation for the differences in the 
effect of smoking cessation on dyspnoea. As mentioned before, dyspnoea 
in healthy smokers may be due to other factors than lung disease. 
In addition, it is unlikely that subjects without chronic respiratory 
symptoms experience the same degree of dyspnoea as COPD patients. 
Thus the severity of dyspnoea may be very low at the start of the studies, 
and hence improvement would be almost impossible after smoking 
cessation .  Furthermore the cumulative or daily cigarette consumption 
is not always mentioned, and, if it is ,  also varies between the studies as 
well .  Nevertheless, this can not explain all of the differences observed.  
Chronic bronchitis or COPD 
In a cross-sectional study, patients with mild or moderate COPD 
(including both smokers and exsmokers) reported cough and phlegm 
more often than patients with severe COPD (84% versus 68%). Conversely, 
dyspnoea was more prevalent in patients with severe COPD (80%) than in 
patients with mild (33%) or moderate (5 3%) COPD. The difference between 
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smokers and exsmokers was not investigated separately in this study, but 
the group of patients with severe COPD (n=38) contained relatively more 
exsmokers (3 5%) than did the group of patients with mild or moderate 
COPD (n=424, 20%) [3 1 ] .  This might suggest that chronic cough and 
phlegm decrease after smoking cessation, in contrast to dyspnoea. 
Very few longitudinal data are available with regard to the effect of 
smoking cessation on respiratory symptoms in smokers with chronic 
bronchitis or COPD. Friedman and Siegelaub [32] showed that chronic 
cough had disappeared after 1 . 5  years in almost all smokers with chronic 
bronchitis who quit smoking. 
The Lung Health Study is a 5 year follow up study which assessed 
whether smoking cessation (and/or regular use of bronchodilators) 
ameliorated FEV1 decline in patients with mild-to-moderate COPD. This 
study included 5887 smokers, aged 3 5-60 years, with an FEV.fForced 
VC (FVC) < 70% pred and FEV1 of 50%- 90% pred. The prevalences of 
chronic cough, chronic phlegm, wheeze ("day and night") and dyspnoea 
at the start of the study were 48, 43 ,  32 ,  and 43%, respectively [33] .  The 
prevalence of these respiratory symptoms decreased by > 80% after 
5 years smoking cessation. The greatest decrease occurred within the 
first year. In addition, the risk to develop respiratory symptoms de novo 
during the 5 yr follow-up was higher in persistent smokers (28%) than in 
successful quitters (4%) [2 ;34] .  
Although there is  an improvement in symptoms after smoking cessation 
in smokers with chronic bronchitis and COPD, smoking cessation only 
induces complete normalisation when airflow l imitation is  absent. 
Lung function (FEV 1) 
Subjects without chronic respiratory symptoms 
Cross-sectional studies have shown that FEV1 is lowest in individuals 
without chronic symptoms who smoked, highest in those who have never 
smoked and intermediate in exsmokers [20 ;3 5-42] .  One exception is  the 
finding that exsmokers aged >70 years tend to have a lower lung function 
than smokers of the same age. This can be attributed to a "healthy 
smoker" effect [43] ,  i.e. smokers who are not troubled by their habit 
continue to smoke (so called healthy smokers), whereas smokers who are 
troubled by their habit are more l ikely to quit smoking. 
Most studies show a significant excess decline in FEV1 in smokers over 
nonsmokers, exsmokers and quitters [6;8 ; 1 6 ; 2 5 ; 39 ;44-56] .  Longitudinal 
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Table 2: Longitudinal data on lung function decline in smokers, exsmokers, quitters and 
nonsmokers without chronic respiratory symptoms 
First Author Subjects Sex Age§ yrs Cumulative cigarette consumption n (pack-yrs) 
Sm Exsm Quitter 
Burchfiel(45] 44 5 1" M 54 
Sherrill [ 44] 47711  M 46 (4 5-47) 49 4 1  F 46 (4 1 -52)  43  19  
Bosse [46] 85011 M 42 (39-44) 2 1  
Camill i  [47] 1 705
11  M 49 32 3 2  
F 49 28 1 7  
Tashkin [25]  2401 11 M 4 5  4 1  2 7  F 4 5  3 1  1 6  
Sherman [ 1 6] 394811  M 48 32 24 F 49 22 1 2  
Xu [49] 4554
11 M 1 5-54 
F 1 5- 54 
Xu [39] 5 5 72




11 > 5 5y 
F < 5 5y 
> 5 5y 
Townsend [ 5 5] 4926 M 4 7  
Pelkonen [ 5 1 ]f 4 1 1, M 4 7  1 00711 M 49 27 1 8  
Krzyzanowski 1 82411 M 40 ( 1 9-70) [52]  F 40 ( 1 9-70) 
64011 M 4 5  
Krzyzanowski F 48 
[56]*# 1 73 811 M 40 
F 40 
Taylor [ 5 3] 2 2 711  M 5 1 -6 1 
FEVrforced expiratory volume in one second; M: male; 
F: female, Sm: smokers without chronic respiratory symptoms; Exsm: exsmokers who quit smoking 
before the start of the study; Quitter: healthy smoker at start of study, exsmoker at end of study; 
Nonsm: nonsmoker. §: mean, rangeor mean (range); r: part of population followed for 
30 yrs (n=4 1 1), duration of smoking rather than cumulative cigarette consumption described 
and FEV0 75 rather than FEV1 measured; n: 2 populations studied:Tucson, AZ, USA (N=640) and 
Cracow, Poland (N=1 138); n: general population study;++:fight (< 1 5  cigarettes/day), moderate (1 5-
24 cigarettes/day), heavy (>24 cigarettes/day) smokers; H; light (<1 5 cigarettes/day), heavy (>1 5  
cigarettes/day) smokers; rr: >2 yrs, <2yrs. *: p<0. 05 versus nonsmokers;': p<0.05 versus smokers; 
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Sm Exsm Quitters Nonsm 
34* 2 2  23', 3Qf ( 2 2  
1 7  2 7  1 6  
1 4  1 5  1 2  
8 5  5 7' 5 3  
1 9+ 4 6 6 
7+ -0.7 -4 0.4 
70+ 5 2  6 2  5 6  
54+ 38 38 42 
44+ 3 5  3 3  
34+ 27 28 
1 9*, 26*, 3 3*·++ 20 6# 6 
1 5*' 20*' 30*·++ 1 9  3# 1 5  
5 3+ 34 4 1 #  3 8  
3 8+ 30 29# 29 
22, 42§§ 2 7  1 7, 36§§ 2 1  
5 2 ,  56§§ 36 1 1 ' 43§§ 34 1 7, 3Q§§ 1 8  1 5 , 9§§ 1 3  
39,  48§§ 32 28, §§ 32 
5 9+ 44 50 5 1  
52+ 36 40 35 
66+ 49 56 46 
60*,' 50 68 47 
42 38 3 7  3 8  
1 1 .7  6 .8  6.3 
10 .5  1 .6 7.6 
1 4  1 6. 5  8 .7  
6 .6  1 .4 6 . 1  
1 1+ 8 6.6 
data are shown in table 2. There is considerable overlap between the 
studies in the reported decline in FEV1 in smokers without chronic 
symptoms, exsmokers, quitters and nonsmokers. This large overlap can 
not be explained by differences in age, baseline FEV1 or sex. However, it 
could be due to differences in the prevalence of respiratory symptoms 
and severity of bronchial hyperresponsiveness [ 1 5 ;  1 7;46;4 7; 56-58]. 
Prospective population studies have shown that smoking cessation in 
smokers without chronic symptoms slows the accelerated decline in 
lung function towards that observed in nonsmokers (table 2) [8 ; 2 5 ;45· 
47 ;5 1 ; 5 2 ; 5 5 ; 56] .  The decline in FEV1 normalises 2 years after smoking 
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cessation [45 ; 5 5] .  However, in one study, a more rapid decline in FEY1 was 
found in exsmokers than in nonsmokers (20 and 6 mL/yr, respectively) . 
The decline in FEY1 in quitters was similar to that in nonsmokers in 
this study [49] . Only one longitudinal study, using a small number of 
subjects, showed that FEY1 improved after smoking cessation [59] ,  but 
most studies do not show this [8 ;24 ;26 ; 30;39 ;45 ;47;49 ; 5 1 ; 5 5 ;60 ;6 1 ] .  
A probable explanation i s  the already normal lung function in these 
participants before smoking cessation. 
Several studies in smaller numbers of subjects (n=1 0-50) have 
investigated the effects of smoking cessation on uneven ventilation and 
small airway closure using the single-breath nitrogen-washout test (SBN2 
test). In this test, uneven ventilation is reflected by the slope of phase 
III (change in nitrogen concentration(ON2)), and small airway closure by 
closing volume (CY)/YC and closing capacity (CC)/total lung capacity 
(TLC). Although smokers without chronic symptoms exhibited normal 
FEY I ' many showed higher DN2, CY /VC and CC/TLC than nonsmokers. 
This could not be attributed to any difference in other variables such as 
cumulative cigarette consumption, age or other lung function variables 
[24 ; 59] .  Since a higher CY and CC indicate earlier small airway closure 
at end-expiration, this might indicate that the small airways are already 
changed in these smokers. This is supported by the results of Niewoehner 
et a/. [5 ] ,  who found inflammation in the small airways of smokers 
without chronic symptoms. Smoking cessation improved the results of 
DN2, CY /YC and CC/TLC, indicating that these smoke-induced changes are 
probably reversible in this population [24; 2 5 ; 59 ;62 ] .  
Figure 1 :  Effect o f  smoking cessation 
on postbronchodilator FEV1 decline. 
• = quitted smoking persistently • = 
continued smoking. Reproduced with 
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Chronic bronchitis or COPD 
Table 3 presents a l iterature overview of the effect of smoking cessation 
on lung function (FEV1) decline in patients with chronic bronchitis 
or COPD. Fletcher and Peto [63] investigated males with mild airway 
obstruction and showed that the accelerated decline in FEV1 in exsmokers 
was slower than in smokers (37  and 62 mL/yr, respectively). In addition, 
Postma et al. showed that smoking cessation in smokers with moderate 
COPD reduced the accelerated decline in FEV1 by approximately 50%, from 
85 mL/yr to 49 mL/yr[64] .  The results of the Lung Health Study in mild­
to-moderate COPD patients showed a similar reduction in the 5 years 
following their date of smoking cessation, i.e. 63 mL/yr in persistent 
smokers and 34 mL/yr in quitters [3 ;65-68] (figure 1). During the first year 
after smoking cessation FEV1 improved by 5 7  mL in quitters, whereas it 
fell with 32 mL in persistent smokers [65] .  After 1 1  years of follow-up, 
the decline in FEV1 in quitters was 30 mL/yr for males and 22 mL/yr for 
females, whereas, in continuous smokers, the decline was 66 mL/yr and 
54 mL/yr, respectively [68]. 
Decline in FEV1 is strongly related to cumulative cigarette consumption 
and severity of pre-existent bronchial hyperresponsiveness in smokers 
with COPD [64;66] . Decline in FEV1 is also related to the number of 
cigarettes smoked: heavy smokers with mild-to-moderate COPD showed 
a greater decline than light smokers, and these heavy smokers showed 
greater FEV1 improvement after smoking cessation than light smokers 
[66]. 
Airway hyperresponsiveness 
Subjects without chronic respiratory symptoms 
The prevalence of AHR to histamine has been reported to be similar in 
smokers and exsmokers without chronic symptoms [ 1 5 ; 5 3 ;69] .  whereas 
the prevalence of AHR to methacholine is higher in smokers than in 
exsmokers [54 ;70-72] (table 4). This suggests that AHR to histamine 
is less reversible after smoking cessation than that to methacholine. 
This is ,  however, as yet unresolved since Rijcken et a/. [ 1 5 ] found no 
differences in the prevalence of AHR to histamine in smokers, exsmokers 
and nonsmokers, whereas Taylor et a/. [ 53 ]  found a higher prevalence of 
AHR to histamine in exsmokers than in nonsmokers. The prevalence of 
AHR to methacholine has been reported to be similar in exsmokers and 
nonsmokers [54 ;70-73] .  suggesting at least a real improvement in AHR to 
methacholine after smoking cessation. 
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Table 3: Effects of smoking cessation on decline in lung function in smokers with chronic bronchitis 
(CB) or chronic obstructive pulmonary disease (COPD) 
First Author Subjects Sex Age CB/COPD Cumulative cigarette consumptior n yrs pack-yrs 
Sm Exsm 
Comstock [2 1 ]  670 M 40-5 9  CB' 
Fletcher [63] 792 GP M 50-59 mild none 
Anthonisen 5887 M/F 48 mild-moderate 40 [3 ;65 ]  
Scanlon [66] 3 8 1 8  M/F 49 mild-moderate 4 1  
Murray [67] 5887 M/F 48 mild 42, 36' 
Postma [64] 8 1 '# M/F 48 moderate-severe 40 
Postma [ 1 1 5] 8 1  ++ M 48 moderate 40 
Barter [ 1 1 6] 34§§ M 5 6  mild 
Hughes [ 1 1 7] 5 6ff M 54, 5 7  mild-moderate 3 7  3 5  
Anthonisen [68] 4 5 1 7  M 6 1  mild-moderate F 
Leader [ l l 8] 2 5"' MF 50 mild-moderate 6 1  
FEV1 :forced expiratory volume in one second; M: male; F: female, Sm: smokers; Exsm: exsmokers 
who quit smoking before the start of the study; Quitter: someone who quits smoking at start of 
study and is still not smoking at end of study;% pred: percent predicted. 1: 90% of smokers had 
symptoms of CB; 1 :  general population study; +: light (<1 5 cigarettes/day), heavy (>1 5  cigarettes/ 
day) smokers; §; +57 mL after 1 -yr of smoking cessation; f: M,F; ": 59 smokers, 22 quitters. ": 
quitters defined as those who smoked at the start of the study but quitted smoking at some 
point during the study and did not start smoking again; <-+; FEV1 63% pred without steroids; §§; 5 
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2 .8-20 
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3 - 1 3  
1 1  
0, 8, 28 wks 
Decline in FEV1 
mL/yr 
Sm Exsm Quitter 
82 34 
62, 80+ 3 7  
4 2 ,  s s• 30 
63 34§ 
62 3 1  
1 .2% pred 0.33% pred 
8 5 4911  
85  49 
56 1 6  




Only three studies have investigated longitudinal effects of smoking 
cessation on AHR in smokers without chronic symptoms (table 5) ,  
predominantly showing that AHR to methacholine or to carbachol does 
not change after smoking cessation [ 23 ; 27 ;6 1 ] .  However, the number of 
subjects investigated was small (n=1 0- 1 7) and most individuals had no 
AHR at the start of the study, which made it virtually impossible to find a 
significant improvement after smoking cessation. 
Lim et  al. showed that the severity of AHR to histamine deteriorated 
in smokers without chronic symptoms who continued smoking: PC20 
histamine changed significantly from 7 . 1  to 3 . 3  mg/mL after 4 years. 
In contrast, AHR did not change in subjects (from 6. 7 to 6 .0 mg/mL) 
who refrained from smoking [69] . Together this suggests that smoking 
cessation would prevent a future deterioration of AHR, although it does 
not lead to improvement. 
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Table 4: Cross-sectional data on airway hyperresponsiveness (AHR) in smokers, exsmokers and 
nonsmokers without chronic respiratory symptoms 
First author Subjects Sex Age Method AHR response * n % 
1 8  Nsm M 48 FEV1 fall after 1 0  mg/mL 9.8  Kabiraj [54] 20 Exsm M 48 9.5 
2 2  Sm M 48 MCh 1 9. 5  
2 9 5  Nsm M/F 1 1  
Cerveri [70]1 50 Exsm M/F 39 ( 1 5-64) PD15 <7.9 mg MCh 1 5  
70 Sm M/F 43+ 
693 Nsm M/F 34, 23§  
Paoletti [71 ]1 369 Exsm M/F 8-73 PD20 <4.8 mg MCh 3 1 ,  2 1 § 
496 Sm M/F 40, 25§  
387 Nsm M/F PC20 < 1 00 mg/mL MCh 
1 3 ,  5, 25, 2 1'' 
Sunyer [73]' 1 63 Exsm M/F 32 (20-44) 1 4 ,  8, 1 4, 3 1 '*  
6 1 9  Sm M/F 24, 1 8, 20, 1 8" 
1 29 Nsm 9.3 
Sparrow [72]' 1 72 Exsm M 50-59 PD20 <8.6 J.!mol MCh 8.7 
66 Sm 22 .7  
2 5 9  Nsm M/F PD20 < 8 J.lmOI HA 
10 
Burney [ 1 1 9]1 1 1 6  Exsm M/F 4 1  1 2  
1 36 Sm M/F 24 
3 9  Nsm M 5 
Taylor [53]1  71  Exsm M 5 1 -61  PC20 <1 6mg/mL HA 24 
1 1 7  Sm M 29 
Lim [69] 16 Exsm M 5 3  PC20 H A  mg/mL 
6 .7  
2 7  Sm M 59 7. 1 
Nsm M/F 1 6  X u  [ 1 20]1 Exsm >8 PC10< 8 mg/mL HA 1 8  
Sm (2684) 20, 3 3++ 
574 Nsm M/F 24 
Rij cken [ 1 5]1  252 Exsm M/F 3 2 . 7  PC10 < 1 6  mg/mL HA 1 8  1 0 1 3  Sm M/F 28 
Nsm: nonsmoker; Sm: smokers without chronic respiratory symptoms; Exsm: exsmoker; M: male; 
F: female; FEV1 : forced expiratory volume in 1 second; MCh: methacholine; unk: unknown; PD15: 
provocative dose of drugs causing a 1 5% fall in FEV1; NA: nona topic; PD20: provocative dose of 
drugs causing a 20% fall in FEV1; A: atopic; HA: histamine; PD10: provocative dose of drugs causing 
a 1 0% fall in FEVr 1: severity or prevalence (see Method column); ': general population study; +; 
2 7% heavy plus 1 6% moderate (<1 8 pack-yrs) smokers; §: F,M; r: cum ulative cigarette consumption 
1 5  pack-yrs; ": NA-F. NA-M, A-F. A-M; n; subjects aged <35 yrs (n=30); ++; <24 cigarettes/day, > 25 
cigarettes/day . 
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Results 
Sm>Exsm= Nsm 
Sm> Exsm= Nsm 
Sm>Exsm=Nsm (F) 
Sm=Exsm=Nsm (M) 










Atopy unk; Symptoms i n  
both Sm and Exsm b u t  not 
in all 
All asymptomatic and NA 
Nl 
Age range selected (n=9 1 4  
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Tabel 5: Effect of smoking cessation (SC) on airway hyperresponsiveness (AHR) in smokers without 
chronic respiratory symptoms 
First Author Subjects Sex Age Cumulative sympt SC period Method n yrs cigarette 
pack-yrs 
Buczko [23] 1 7  M/F 3 5  2 0  1 4/1 7 99 ± 43 days MCh TC 
Simonsson [61 ]  1 0  M/F 42 2 5  some 1 week; 1 ,6,  > 1 5% FEV1 fall (MC 1 2  months 
Israel [27] 1 0  M/F 3 6  20 some 2,  6 months POlS PD2o 
Sympt: symptoms (occasional cough or sputum production); M: male; F: female; MCh: 
methacholine; TC: threshold concentration (baseline volume 40% vital capacity above residual 
volume minus 2. 8 SD); FEVr· forced expiratory volume in one second; PD35: provocative dose of 
carbachol (various doses used) causing a 35% fall in specific airway conductance; PD20: provocative 
dose of carbachol (various doses used) causing a 20% fall in FEVr •severity or prevalence (see 
Method column). § at 12 months. rat 2 months, 6 months. 
Table 6: Cross-sectional data on airway hyperresponsiveness in smokers and Exsmokers with 
chronic bronchitis or COPD 
First author 
Taskin [ 1 2 1 ] 
Oosterhoff[75]  
Postma [74] 
Bahous [ 1 22]  




1 2  Sm 
19 Sm COPD 





24 Sm CB/COPD 
4 Exsm CB/COPD 





5 7  
60 
63 
5 3  
5 7  







4 1  
2 0  
1 3  
24 
1 5  




















PC20 < 25 mg/mL MCh % 
PCzo MCh/AMP mg/mL 
PC20 HA mg/mL 
PC20 < 8 mg/mL HA/MCh 
PD20 MCh 11mol PD20 HA 11mol 
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Before SC 





i9, 8 51 
· 1 6, >320+ 
) .35 ,  7 .2+ 




i . 5 8  
: B  7 ,  COPD 1 00 
L .0- 1 0  
0 .5-5 .9  
AHR' 
After SC SC effect 
1 .6 mg/ml None 
20§ None 








Sm COPD= Exsm COPD 
Sm CB< Sm COPD 
Nsm<Sm COPD 
Sm: smoker; Exsm: exsmoker; Nsm: nonsmoker; 
PC20: provocative concentration of drug causing 
20% fall in forced expiratory volume in 1 second 
(FEV1); MCh; methacholine; AMP: adenosine-5'­
monophosphate; HA: histamine; PD20: provocative 
dose of drug causing 20% fall FEVr 1: male and 
female subjects in all studies; 1 :  males, females; + 
MCh, AMP; §: response identical for HA and MCh. 
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Chronic bronchitis and COPD 
Cross-sectional studies investigating AHR in smokers and exsmokers 
with chronic bronchitis or COPD are presented in table 6. The severity 
of AHR to histamine or methacholine is similar in smokers and 
exsmokers with moderate COPD [74 ; 75] .  This suggests that AHR to 
histamine and methacholine does not reverse to normal values after 
smoking cessation in COPD, which could be due to either ongoing 
inflammation or irreversible structural changes in the lung. In contrast, 
hyperresponsiveness to adenosine-5'-monophospate (AMP) is more 
severe in current smokers than in exsmokers with moderate COPD, even 
when AHR to methacholine is similar between these groups [75] .  These 
cross-sectional data suggest that AHR to AMP will improve after smoking 
cessation, possibly as a consequence of a decrease in the number of mast 
cells in the lung [76]. 
The above cross-sectional data are not in line with the 5 -year follow-
up data of the Lung Health Study [77]. Continuous smokers showed a 
more than three-fold deterioration in AHR to methacholine compared 
to sustained quitters. Interestingly, the authors also showed that a 
considerable degree of the effect of smoking on AHR could be accounted 
for by the induced changes in FEV1 [77] . 
Pathological and inflammatory changes in the lungs 
Subjects without chronic respiratory symptoms 
The effect of smoking cessation on pathological changes and 
inflammation in smokers without chronic respiratory symptoms has 
not been extensively investigated. Only two studies have assessed 
pathological changes in smokers and exsmokers without chronic 
symptoms undergoing surgical treatment for a lung tumour [78 ;79]. 
Goblet cell hyperplasia was observed remarkably less in these exsmokers. 
Squamous metaplasia was not different in the central airways, but 
tended to be less in the peripheral airways of the exsmokers compared 
to smokers. Gland size and smooth muscle mass in the peripheral and 
central airways were similar in both groups. No differences were found 
in the amount of fibrosis in the peripheral airways or pigment deposition 
in the airway wall and the number of destroyed alveoli . Apparently, such 
pathological changes are not or less reversible after smoking cessation, in 
contrast to goblet cell hyperplasia. 
The impact of smoking cessation on the lungs 
The aforementioned studies [78; 79] also assessed inflammation but 
found no differences in the intensity of inflammation in central and 
peripheral airways. Other cross-sectional studies, using indirect and 
direct measures of airway inflammation or more specific immuno­
techniques, have shown different results. In blood, leukocyte counts 
are lower in exsmokers than in smokers, suggesting improvement 
[32 ;80-83] but not always normalisation [80] after smoking cessation. 
In exsmokers, the percentage of CD4+ lymphocytes is  lower than in 
smokers and normalises after 2 years of smoking cessation [8 1 ;84] . In 
addition, the percentage of natural killer cells is  higher in exsmokers than 
in smokers [84 ;85 ] .  In exhaled air, exsmokers show similar NO levels to 
nonsmokers, in contrast to the lower levels measured in smokers [86-9 1 ] .  
In sputum, interleukin (IL)-8 levels are s imilar in exsmokers and smokers 
[92] but remain higher than in nonsmokers [93 ;94], suggesting that pro­
inflammatory activity might not change after smoking cessation. Only one 
bronchoalveolar lavage fluid (BALF) study compared exsmokers (age 62 
years, n=6,), smokers (age 49 years, n=l4) and nonsmokers (age 48 years, 
n=l 5) .  The percentages of all cells in BALF were simi lar between smokers 
and exsmokers. The number of neutrophils, however, tended to be lower 
in exsmokers than in smokers, but remained higher than in nonsmokers. 
In addition, the number of macrophages was lower in exsmokers than in 
smokers, and similar to the number of macrophages in nonsmokers. The 
same study reported that the concentration of monocyte chemoattractant 
protein- I (MCP- 1 ), an important chemoattractant for macrophages, was 
higher in smokers than in exsmokers and nonsmokers, with no difference 
between the latter groups. The concentration of macrophage inhibitory 
protein- I b in BALF, another monocyte chemoattractant, was similar 
between the groups. Thus, after smoking cessation, the higher number of 
macrophages and MCP- 1 levels seem to normalise, while the number of 
neutrophils does not [95] .  
A few studies assessed the effect of smoking cessation on inflammation 
in smokers without chronic respiratory symptoms in a longitudinal 
way (table 7). Endobronchial findings showed that macroscopic signs 
of chronic bronchitis (edema, erythema and mucus) decreased within 3 
months after smoking cessation in these smokers, and fully disappeared 
after 6 months [96]. Exhaled NO increased almost to normal values 
within one week of smoking cessation, suggesting that the smoke-induced 
inhibition of inducible nitric oxide synthase production by epithelial cells 
is  reversible [97]. 
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Table 7: Effect of smoking cessation on inflammation in blood, sputum and 
BAL fluid in smokers without chronic respiratory symptoms 
First author subjects age Cumulative Specimen Validation Follow-up n yrs cigarette of quitters months 
Robbins [97] 10 Q 3 8  301 eNO exhaled CO 1, 8 weeks 
20 Q 
Miller [82] S lSm 22- 1 0- 1 9  Blood 6 weeks 6 mSm 71 1 9-49 
9 hSm 5 0- 1 2 0  
Skold [99] • 1 8  Q 4 1  2 3  Blood 1 , 3 ,6,9, 1 5  
Jensen [98] 1 60 Q 43 25 Blood exhaled CO 6,  1 2  92Q 
Jensen [ 1 24) 92 Q 44 2 3  Blood exhaled CO 6,  1 2  
Meliska [ 1 2 5 )  2 8  Q (M) 2 1 - 2 1 1 Blood cotinine 3 1  days 3 5  (lym) 
Scott [1 02] 30 Q 43 251 Plasma exhaled CO 1 2  cotinine 
Scott [ 1 03] 30 Q 43 2 51 Plasma exhaled CO 1 2  cotinine 
Jensen [ 1 0 1 ]  50 Q 39 30 Blood exhaled CO 3,6, 1 2  
Hersey ( 1 26] 35 Q 3 8  Blood 3 
Swan [ 1 2 7] 46 Q 49 49 Sputum cotinine in 1 2  spont sputum 
Skold [96)' 18 Q 4 1  2 3  BALF 1 ,3 ,6,9, 1 5  
Skold [ l OOP 1 8  Q 4 1  2 3  BALF 1 , 3 ,6  
Skold [99) ' 1 8  Q 4 1  2 3  BALF 1 , 3 ,6,9, 1 5  
Anderson [ 1 28] ' 8 Q  3 7  20 BALF 1 ,3 ,6,9, 1 5  
Q: quitter' ISm: light smokers (Sm); mSm: moderate smokers; hSm: heavy smokers; eNO: exhaled 
nictric oxide; incr: increase; deer: decrease; ppb: parts per billion; lym: lymphocytes; norm: 
normalised; /euc: leukocytes; Hb: haemoglobin; lg: immunoglobulin; neut: neutorphils; baso: 
basophils; slg: serum lg; esp.: especially; NK: natural killer cell; s/CAM: soluble intercellular 
adhesion molecule; sCD44: soluble CD44; sECP: serum eosinophil cationic protein; sLF: serum 
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Effect of SC 
incr in eNO (5 .7  to 1 0.3)  at 1 /8 weeks 
no change in % lym, CD3, CD4, CDS or CD4/CD8 ratio in ISm /mSm 
decrease in % CDS, CD4/CD8 ratio in heavy smokers 
deer in leuco and [Hb] at 9 months; incr in IgG (trend) 
deer in total leuc, neut, lym; no change In  baso 
incr in slgE levels at 6 months, esp. in Q < 40 years; deer in slgE levels at 1 2  months 
incr in NK cytotoxic activity; no change in T-cell activation; deer In  serum cortisol 
deer in s!CAM (307 to 2 4 1  ng/ml) towards normal 
no change in total sCD44; deer in sCD44v5 and sCD44v6 
deer in sECP at 6/1 2  months (d= - 1 3 . 1 ug/L); deer in sLF at 6/1 2  months (d= -230.7 ug/L) 
deer in lym; trend deer i n  neut , plat; incr in NK activity; incr in IgG and IgM 
deer in neut (-7.9%), MP ( -14%), pigmented M P  (-4%); no change in columnar cells, mucus, metaplasia, 
dysplasia 
deer in [cell] at 1 month; deer in edema, erythema and mucus+, normal af 6 months; incr in MP Fl at 
1 month; deer in MP Fl at 6 months. 
deer in  [cell] at 1 month; deer in MP (91% to 8 3%) at 6 months; incr in M P  activity at 6 months; i ncr  in 
lym (6.6% to 1 4.5% at 6 months; no change in % neutr, eos, baso at 6 months 
deer in neut, M P, lym, eos (total cells) at 9 months; no changes in L-fibronectine levels; L-hyaluronan 
i ncr after SC, norm at 1 2  months; L-albumin increase after 6 months SC, but after 1 2  months 
normalised 
CCSP levels lower in Sm, incr till 9 months, norm at 1 5  months 
lactoferrin; Plat: platelets; spont: spontaneous; MP: macrophages; pigm: pigmented; 
F/: fluorescence; eos: eosinophils; CCSP: Clara cell secretory protein. 'same population 
(subpopulation used in [1 28]); ': cigarettes/day (pack-years not given); +: macroscopic 
endobronchial findings. 
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The number of blood leukocytes fell almost immediately after smoking 
cessation, the largest effect occurring within the first 9 months [80 ;98 ;99]. 
In addition, a fall in the number of macrophages in sputum and BALF 
was already evident 1 -2 months after smoking cessation reaching normal 
levels in BALF at 6 months [96 ;99 ; 1 00] . BALF neutrophils and lymphocytes 
normalised at 9 and 1 5  months, respectively [99]. Not only did the 
number of inflammatory cells in blood and BALF decrease after smoking 
cessation, but these cells also seemed to be less activated [96 ; 1 0 1 ] .  In 
addition, a decrease in pro-inflammatory mediator (soluble intercellular 
adhesion molecules and soluble CD44) levels has been reported [ 1 02 ; 1 03 ] .  
Smoking reduction, like smoking cessation, also reduced airway 
inflammation. Rennard et a/. investigated the BALF of 1 5  heavy smokers 
who reduced their cigarette consumption from a mean of 50 to 1 9  
cigarettes per day. After 2 months of smoking reduction, the number 
of neutrophils, macrophages and elastase levels decreased significantly 
[ 1 04]. 
Longitudinal data on blood, BALF and sputum show that smoke-induced 
changes are reversible after smoking cessation in smokers without 
chronic respiratory symptoms; however, cross-sectional studies on BALF 
and sputum suggest that they are only partially reversible. Although 
longitudinal data on smoking cessation in lung tissue are lacking, the 
available data indicate that the inflammatory changes in this group of 
smokers are (at least partially) reversible after smoking cessation. 
Chronic bronchitis or COPD 
Only a few cross-sectional studies provide any information about the 
possible effects of smoking cessation in patients with chronic bronchitis 
or COPD [76;78 ;79;84;89 ;9 1 ;92 ; 1 05-1 1 1 ] .  A major drawback in most 
of these studies is that they were originally not designed to compare 
smokers and exsmokers , and, therefore, the number of subjects was often 
too small to perform separate analyses. 
In the central airways of patients with chronic bronchitis, there was less 
goblet cell hyperplasia in exsmokers than in smokers. In contrast, there 
was more squamous metaplasia in exsmokers [79] . In the peripheral 
airways, goblet cell hyperplasia and squamous metaplasia occurred at 
similar levels in both groups. More inflammatory cells were present near 
the secretory glands in the central airways of the exsmokers, which may 
explain the diminished but still ongoing cough and sputum production 
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after smoking cessation in these patients. More inflammatory cells were 
present in the wall of the peripheral airways of these exsmokers than in 
smokers, which contrasted with the lower number of macrophages in the 
airway lumen in the exsmokers. The presence of glands, smooth muscle 
mass, fibrosis or cartilage were similar in both groups [79]. I t  is not yet 
known if the composition of inflammatory cells and their mediators in the 
lungs changes after smoking cessation in patients with chronic bronchitis. 
In patients with mild COPD, there tended to be less goblet cell hyperplasia 
in exsmokers who had quit smoking for less than 2 years than in smokers 
and exsmokers who had quit smoking for more than 2 years. Goblet 
cell hyperplasia in the latter two groups was similar. This was a cross­
sectional study, and it cannot be ruled out that subjects who had quit for 
more than 2 years had more goblet cell hyperplasia at baseline [ 1 05] .  
The presence of squamous metaplasia, inflammatory cells, fibrosis and 
muscle hypertrophy in the peripheral airways was similar in exsmokers 
and smokers with mild COPD. Unlike patients with chronic bronchitis, the 
number of macrophages in the lumen was similar between smokers and 
exsmokers with COPD [78 ; 1 05] .  These data suggest that most pathological 
changes are not reversible in patients with COPD, except for goblet cell 
hyperplasia, which seems at least partly reversible. 
Although structural changes in COPD patients do not reverse after 
smoking cessation, FEV1 decline slows. This might be due to a reduction 
of inflammation in these patients. Indeed, exsmokers showed lower 
percentage of B-cells (CD 1 9+) in peripheral blood than smokers, but 
similar percentages of CD3+, CD4+ and CD8+ T-lymphocytes [84]. 
Exsmokers and smokers with mild to moderate COPD (N=l8) had similar 
blood levels of soluble tumor necrosis factor (TNF) receptor 5 5  (sTNF­
R5 5) ,  soluble TNF receptor 75 (sTNF-R75) and IL-8 [92]. However, in a 
larger group of mild to severe COPD patients (N=5 5) ,  exsmokers exhibited 
higher levels of sTNF-R55  and sTNF-R75 than smokers, which may 
indicate a decrease in inflammation after smoking cessation [ 1 08]. In the 
latter study, no differences were found in blood leukocytes, acute phase 
l ike proteins (-reactive protein and l ipopolysaccharide binding protein, 
and in  soluble IL- l  receptor type I I  [ 1 08]. Higher levels of sTNF-R5 5 and 
-75 were also found in sputum of exsmokers compared to smokers with 
mild-to-moderate COPD [92] .  again indicating a decrease in inflammation 
upon smoking cessation. In contrast, IL-8 levels were also higher in 
exsmokers, suggesting increased inflammation. In another group of 
moderate-to-severe COPD patients IL·6 and -8 levels in sputum were 
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similar between current and exsmokers [ 1 09]. Unfortunately 5 1  of the 57  
included COPD patients used inhaled corticosteroids; thus the effect of 
smoking cessation may have been masked by the use of corticosteroids. 
In spontaneous sputum from mild-to-severe COPD patients who did not 
use corticosteroids, no differences were found in IL-8, myeloperoxidase 
(MPO) and eosinophilic cationic protein (ECP) levels between smokers and 
exsmokers [ 1 1 2 ] .  In contrast, MPO and IL-8 levels in sputum from severe 
COPD patients were lower in exsmokers . Unfortunately, interpretation is 
difficult again as 18 out of 42 patients used inhaled corticosteroids. No 
differences were found between the groups with respect to  levels of  the 
neutrophil chemoattractant leukotriene B4• neutrophil elastase activity 
levels or in the activity of one of the natural inhibitors of neutrophils 
elastase activity, secretory leukoprotease inhibitor [ 1 1 3] .  Finally, exhaled 
NO levels in COPD patients are higher in exsmokers than in smokers and 
nonsmokers [91 ; 1 07; 1 14] ,  although one study reported no differences 
[89] . Since exhaled NO is thought to reflect airway inflammation this 
suggests a worsening situation. However, NO has also bronchodilating 
and anti-inflammatory effects. A major drawback for interpretation is 
that none of the above-described studies gave specific information on the 
number of pack-years or the mean smoking cessation period. These data 
suggest that levels of anti-inflammatory mediators in blood and sputum 
might increase after smoking cessation whereas most studies report that 
the levels of pro-inflammatory mediators do not change. 
Only three studies have investigated bronchial biopsy specimens or 
lung tissue from smokers and exsmokers with COPD. Pesci et a/. showed 
that exsmokers tended to have lower numbers of mast cells in the 
epithelium, in the lamina propria and in BALF than smokers [76]. De Boer 
et a/. found no differences in expression of IL-8, MCP- 1 and its receptor 
CC chemokine receptor 2 in lung tissue of smokers and exsmokers 
with moderate-to-severe COPD [ 1 1 0]. Final ly, Turato et a/. investigated 
submucosal inflammation in bronchial biopsy specimens from a group 
of smoking or exsmoking patients with chronic bronchitis and/or mild­
to-moderate COPD, and also from nonsmokers. No differences between 
smokers (49 pack- years) and exsmokers (34 pack-years) were found in 
neutrophils, eosinophils, macrophages, lymphocytes (CD3+ cells, CD4+ 
cells, CD8+ cells), the pro- inflammatory markers TNF-a, IL- l f3, IL-2R, 
and the expression of the adhesion molecules very late antigen- I (VLA-
1 ), intracellular adhesion molecule- I (ICAM-1 )  and E-selectin. However, 
macrophage numbers and expression of IL-2R, VLA- 1 ,  ICAM-1 and E-
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selectin were higher in both smokers and exsmokers than in nonsmokers 
[ I l l ] .  Thus, in COPD patients inflammation seems to persist in lung 
tissue after smoking cessation. 
The few published studies, presented above, that compare smokers 
and exsmokers with COPD suggest either a decrease in or a persistence 
of inflammation after smoking cessation. This contradiction may be 
explained in several ways. First, the design of all studies was cross­
sectional and studies using bronchial biopsy specimens or lung tissue, 
especially, contained a small number of subjects. Secondly, the smoking 
cessation period varied between the studies, or was not described at all. 
Thirdly, different methods such as biopsy specimens and BALF were used 
to study inflammation. Fourthly, heterogeneous groups of patients were 
investigated, both between and within the studies. For example, Turato 
et al. [ I l l ] investigated patients who all showed symptoms of chronic 
bronchitis, but not all had airway obstruction. Finally and fifthly, not 
all studies investigated the same biological markers or immunological 
pathways. 
Whether smoking cessation reduces inflammation in COPD patients 
cannot easily be concluded from the available data. Airway inflammation 
seems to persist in lung tissue after smoking cessation, while studies 
in sputum, BAL and blood suggest that a reduction occurs, measuring 
indirect markers of airway inflammation. In addition, goblet cell 
hyperplasia seems to be at least partially reversible, whereas most of the 
pathological changes are not. 
Discussion 
Ideally, the results of longitudinal prospective studies would be reviewed 
to assess the effects of smoking cessation on the lungs. This was to 
some extent feasible with respect to the effects of smoking cessation on 
respiratory symptoms and FEV1 in smokers without chronic respiratory 
symptoms. However, longitudinal data describing the effects of smoking 
cessation on airway inflammation in patients with established COPD is 
lacking. Only 14 cross-sectional studies have been published, describing 
airway inflammation and comparing smokers and exsmokers. Obviously, 
there is an astonishing discrepancy between the global consensus that 
smoking cessation is one of the most important health issues and the 
very scarce information regarding its effects on the lungs. In the following 
section, the findings described above are summarised, with special 
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attention to the contrasting results between smokers without chronic 
respiratory symptoms and smokers with chronic bronchitis and COPD. 
Smokers without chronic respiratory symptoms 
Smoking cessation decreases episodic respiratory symptoms and 
normalises the excess decline in FEY 1 • It does not improve AHR to 
direct stimuli, but prevents future deterioration. Smoking cessation 
reduces the number of goblet cells in the peripheral airways, which may 
explain why respiratory symptoms l ike cough and sputum production 
decrease in this group.  Smoking cessation does not change smooth 
muscle mass and fibrosis in the peripheral airways; however, it improves 
peripheral airway collapse in the single-breath nitrogen-washout test. 
No histological studies are presently known that show whether smoking 
cessation reduces local inflammatory cell infiltration in the airway wall 
and parenchyma. Nevertheless, the levels of inflammatory cells and 
inflammatory mediators in blood, sputum and BALF decrease towards 
normal values within l year of smoking cessation. Thus, most studies in 
smokers without chronic respiratory symptoms suggest that the smoke 
induced subtle changes in the lung (especially in the peripheral airways) 
are at least partially reversible. 
Chronic bronchitis 
The effect of smoking cessation on sputum production, dyspnoea, FEY1 ,  
AHR and inflammation has not formally been investigated in chronic 
bronchitis, reflecting the neglect towards this disease in the past decades. 
Smoking cessation evidently decreases chronic cough most l ikely due to 
a decrease in goblet cell number in the central airways. Moreover, it is 
associated with normalisation of the accelerated decline in lung function, 
similar to smokers without chronic respiratory symptoms. In contrast, 
smoking cessation does not reduce goblet cells, submucosal glands, 
smooth muscle mass or fibrosis in the peripheral airways. Together, the 
few available studies in these patients suggest that smoking cessation 
reduces bronchitis of the large airways, resulting in a reduction of cough 
and accelerated decline in FEY 1 • 
COPD 
The most important clinical features of COPD patients are respiratory 
symptoms and an accelerated decline in FEY1 •  Smoking cessation in COPD 
patients improves respiratory symptoms and normal ises the excessive 
FEY1 decline in all stages of the disease. The improvement in respiratory 
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symptoms may be caused by a decrease in goblet cell numbers, just 
like in healthy smokers and smokers with chronic bronchitis. Indirect 
bronchial hyperresponsiveness seems to improve after smoking 
cessation. After smoking cessation an increase in anti-inflammatory 
receptors in blood and sputum occurs in mild-to-severe COPD patients. 
In addition, levels of neutrophil chemoacttractants in sputum are being 
reduced in  severe COPD. Taken together, this suggests an improvement 
of inflammation. However, no effects of smoking cessation on blood 
leukocyte numbers or acute phase protein levels ,  or on inflammatory cell 
numbers and mediators in lung tissue occur. 
In summary, although some indirect markers of airway inflammation 
suggest a reduction in inflammation after smoking cessation in COPD 
patients, histopathologic studies show persistent airway inflammation. 
Since smoking cessation improves respiratory symptoms and slows 
down the rapid FEY1 decline in COPD patients, obviously the primary 
therapeutic intervention for these patients is to quit smoking. However, 
the exact nature of the changes in airway inflammation and the 
relationship with symptoms, lung function and AHR after smoking 
cessation remains to be established. 
Conclusion 
Smoking cessation improves respiratory symptoms and bronchial 
hyperresponsiveness, and prevents accelerated decline in lung function, 
in all smokers, with or without COPD. In  COPD, the underlying fibrosis 
and loss of alveolar attachments is probably irreversible, explaining why 
the FEY1 does not normalise after smoking cessation in these patients. It  
is now well established that smoking cessation improves the accelerated 
decline in FEY1 , which strongly indicates that smoking cessation 
positively influences important inflammatory and/or remodelling 
processes in the lungs. Thus it is attractive to speculate that indeed 
remodelling may be influenced to some extent by smoking cessation ;  
however, acute inflammatory processes are ongoing which may s imply 
reflect a repair (remodelling) process but not ongoing damage to the 
airways and lung tissue. Therefore, the challenge for future research 
is to investigate the relevant biological markers that represent these 
changes. Further information regarding the persistence of inflammation 
after smoking cessation is important and may offer a target for future 
pharmacological interventions. 
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Abstract 
In general, smoking cessation programs have low success rates. 
We evaluated the effectiveness of a 1 -year smoking cessation program. 
This program was part of a research project investigating the effects of 
smoking cessation. 
In this longitudinal study on the effects of one-year smoking cessation 
38 smokers with COPD or chronic bronchitis (age 55 yrs, 20 male) and 
2 5  healthy subjects (age 50 yrs, 1 1  male) who smoked on average 
22 cigarettes per day were recruited. 
An experienced nurse and a researcher conducted an intensive non­
pharmacological smoking cessation program based on 1 5  group meetings 
of 8- 1 0  participants. A uniquely high number of 16 (42%) COPD patients 
and 1 7  (68%) healthy subjects did not smoke one year after stopping 
smoking. 
We suggest that frequent and intensive motivational support in a research 
setting accounts for the high cessation rates . 
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Introduction 
Smoking cessation programs generally have low success rates. In a one­
year study on the differential effects of smoking cessation in chronic 
obstructive pulmonary disease (COPD) and healthy subjects, we offered 
an intensive non-pharmacological smoking cessation program. Apart 
from effects on physiology and quality of life (to be reported elsewhere), 
effectiveness of the intervention program was evaluated. 
Methods 
Subjects 
Smoking subjects with and without COPD or chronic bronchitis (defined 
according to the American Thoracic Society /European Respiratory Society 
task force, 2004) were recruited by means of advertisements and from 
our pulmonary outpatient clinic. Subjects were included into a research 
project studying the effects of smoking cessation on airway inflammation, 
which was approved by the local Medical Ethics Committee. All subjects 
gave their written informed consent. 
Study design 
Before entering the smoking cessation program all subjects were 
characterized by pulmonary function tests, measurement of bronchial 
hyperresponsiveness, sputum induction (2x), qual ity of life and 
respiratory symptom questionnaires, cognitive dysfunction tests and 
bronchoscopy. Subjects visited the hospital 7 times before entering the 
smoking cessation program. During follow-up sputum inductions were 
performed 2, 6 and 1 2  months after smoking cessation. After 1 2  months 
smoking cessation, all baseline tests were repeated. Urinary cotinine 
levels were measured to verify smoking cessation at basel ine, 2, 6 and 1 2  
months after smoking cessation. Most measurements were conducted by 
one researcher (B.W.) ,  and the duration of the measurements ranged from 
1 hour to 2 . 5  hours. 
Smoking cessation 
Our one year smoking cessation program was originally developed by 
the Foundation for Community Health and Smoking in The Netherlands 
(Defacto). This program is based on cognitive behavioral therapy, in 
which aspects such as motivation and self-efficacy play an important 
role. In addition, the program focused on relapse prevention, based on 
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Figure 1 :  
the model o f  Marlatt [ 1 ] .  The behavioral program consisted o f  nine group 
meetings of between 8- 1 0  smokers with and without COPD, during 6 
weeks. The mean duration of each meeting was 2 hours. After the second 
meeting, the subjects had to quit smoking. Meetings 2 to 6 were used to 
guide subjects through the cessation phase, while meetings 7 to 9 were 
used to maintain smoking cessation and focus on coping with side effects 
and difficult situations. The original program was extended for another 
six meetings throughout the rest of the year. Aside from mental support, 
the program paid particular attention to benefits of smoking cessation 
and how to cope with increasing weight. Individual telephone and/or 
personal support between the meetings was offered with easy access for 
the participants. A nurse specialist trained in asthma and COPD (Y.L.) and 
a researcher (B.W.) conducted the program and provided the personal 
support between the meetings. A quitter was defined as someone who 
refrained from smoking for at least 1 year, with negative cotinine levels 
(i .e. <2 5 ng/ml) at both 2, 6 and 1 2  months after smoking cessation .  
Cessation rates 2 ,  6 and 
12 months after smoking 
cessation in subjects with 
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Table 1 :  Characteristics of participating subjects 
Smokers with COPD Asymptomatic smokers or chronic bronchitis 
n=3 3 n=27 
Age, years 5 5 ± 5 . 8  50. ± 3 . 7* 
Gender, M/F 20/ 1 8  1 1/ 1 4  
Pack years, years 36± 1 2.4 25 ± 7.5 .. 
Cigarettes, number /day 22 ± 7.3 21 ± 5.4 
FEY 1 post BD, %pred. 80 ± 24 1 10 ± 9.9* 
Values are expressed in means ± SD. * p<0.05: COPD/chronic bronchitis versus asymptomatic 
smokers. M= male, F= female, FEV,=Forced Expiratory Volume in one second, post BD= post 
bronchodilator 400 pg salbutamol, %pred. = % predicted. 
Results 
38 smokers with COPD or chronic bronchitis and 2 5  asymptomatic 
smokers were included. Age and pack years were significantly higher 
in COPD patients than in asymptomatic smokers (table 1 ) .  The overall 
cessation rate was 5 2%. Sixteen (42%) COPD patients and 1 7  (68%) 
asymptomatic smokers did not smoke 1 2  months after the first cessation 
day (figure 1 ) , as confirmed by urinary cotinine levels. 
Discussion 
In this one-year study on the effects of smoking cessation, we offered 
smokers with and without COPD an intensive non-pharmacological 
smoking cessation program. Uniquely high cessation rates were obtained 
both in smokers with COPD or chronic bronchitis (42%) and asymptomatic 
smokers (68%) . 
Surprisingly little data is available in the l iterature on smoking cessation 
in COPD. A Cochrane analysis described two small randomized controlled 
trials (RCT's) using psychosocial intervention [2] .  Brandt et a/. used the 
diagnosis "smokers lung" to encourage smoking cessation and reported 
a one year cessation rate of 40% [3] .  Pederson et a/. used individual 
counselling and a self-help manual and reported a 6-month cessation rate 
of 33% [4]. Two large RCTs combined psychosocial and pharmacological 
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treatment; one reported a one year cessation rate of 34% [5] ,  the other a 
half-year cessation rate of 1 6% [6] . Thus, cessation rates of our program 
exceeded all success percentages previously reported. This difference 
is not easily explained, since in other studies the provided information 
about the smoking cessation intervention, e.g. intensity of person-to­
person clinical contact, total time of group sessions, type of counseling 
and behavioral therapies, was very limited. In addition, the severity of 
COPD of the participants varied between the studies, although this could 
not explain the differences observed. An explanation for the difference 
in success rates between our study and previous ones could be that our 
participants were better motivated to quit smoking. Unfortunately, others 
and we have not used a valid instrument to assess motivation. 
With respect to the factors leading to the high cessation rates of this 
study, we hypothesize the following. Firstly, our subjects were offered 
a high number of group sessions conducted by a nurse trained in 
smoking cessation guidance and a motivated researcher. Secondly, 
easily accessible telephone- or personal contacts allowed intensive 
support to persist in smoking cessation. Finally, we think the research 
setting may have made the participants feel responsible for a favorable 
study outcome. The frequent lung function and other measurements 
were appreciated by all participants and may have contributed as 
well. Additionally, most of the measurements were conducted by the 
researcher and this was another opportunity to give the participants extra 
advice/support before the smoking cessation program started and during 
the rest of the year. In total, all participants attended 1 5  group meetings 
for the smoking cessation program, 7 hospital visits before the program 
started and 3 hospital visits throughout the year (after 2, 6, and 1 2  
months). We therefore suggest that the frequent and intensive contacts in 
a dedicated research project may constitute an optimal setting to obtain 
high cessation rates .  
Consequently, the question rises whether other researchers and health 
care workers could have more benefit from our finding that a smoking 
cessation program for COPD patients in a research or research-like 
setting seems to have two major advantages. First it is possible to reach 
unexpectedly high cessation rates in a research setting, and secondly it 
meets the increased need for studies investigating the effect smoking 
cessation in COPD. This is important as there are few studies on 
smoking cessation in COPD and the available studies have not focussed 
on interesting new outcome variables for COPD such as exacerbation 
High cessation rates of smoking 
frequency, exercise tolerance, muscle depletion, and systemic 
inflammation. 
We therefore put the challenge forward: who will take up the gauntlet? 
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Abstract 
Smoking cessation prevents the development of chronic obstructive 
pulmonary disease (COPD) in asymptomatic smokers and it stops 
the progression of the disease in smokers with COPD. It is unknown 
whether changes in well-being differ between smokers with COPD and 
asymptomatic smokers after smoking cessation .  This information may be 
of importance in smoking cessation guidance. 
We investigated the effects of smoking cessation on several aspects of 
well-being, e.g. respiratory symptoms (Clinical COPD Questionnaire, 
CCQ), quality of life (SF-36 and St George Respiratory Questionnaire) and 
cognitive performance in 1 2  smokers with COPD and l 3  asymptomatic 
smokers who successfully quitted smoking for 1 -year. 
Cognitive performance improved after 2 months smoking cessation in 
asymptomatic smokers whereas it took 12 months in COPD patients. In 
COPD, respiratory symptoms and mental health domains of the CCQ, 
and general health perception improved after 6 and 1 2  months smoking 
cessation, respectively. Quality of l ife did not change after smoking 
cessation in asymptomatic smokers. 
Cognitive performance improved more quickly in asymptomatic smokers 
than in COPD patients after smoking cessation. Quality of l ife and 
respiratory symptoms improved only in patients with COPD. These 
aspects could be incorporated in future smoking cessation guidelines, as 
an aid to improve its success rate. 
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Introduction 
Chronic obstructive pulmonary disease (COPD) is one of the most 
important causes of death and its prevalence is  still increasing [ 1 ] .  
Smoking is the prime risk factor in the development o f  the disease and 
smoking cessation the only treatment that stops disease progression. 
Importantly i t  prevents the development of COPD in asymptomatic 
smokers. Smoking cessation is a difficult task, especially in patients 
with COPD [2]. Until now, most smoking cessation programs focus on all 
smokers, i rrespective of their health state. Factors that may well have a 
large impact on successful smoking cessation are a subject's perception 
of general or specific aspects of well-being, l ike changes in respiratory 
symptoms, quality of life and cognitive performance. It may well be that 
these perceptions differ between smokers with COPD and asymptomatic 
smokers. Thus smokers with COPD may need different smoking cessation 
guidance from asymptomatic smokers. 
It is well known that respiratory symptoms improve after smoking 
cessation in both smokers with and without COPD [3]. Quality of life is 
impaired in patients with COPD [4 ;5 ] ,  yet l ittle is  known about the effect 
of smoking cessation in this respect. Cross-sectional studies have shown 
that quality of l ife is lower in asymptomatic smokers than in nonsmokers 
and exsmokers [6-8] .  Until now, no longitudinal studies are available 
comparing effects of smoking cessation on quality of l ife in smokers with 
and without COPD. 
Cognitive performance is  decreased in patients with COPD, even in 
non-hypoxemic patients [9 ; 1 0] .  Whether smoking cessation improves 
or deteriorates cognitive performance in asymptomatic smokers or 
smokers with COPD is not clear. Studies in large groups of smokers show 
inconsistent results concerning the effect of smoking (cessation) on 
cognitive performance. Results seem to depend on the smoking cessation 
period and on the aspects of cognitive performance that have been 
investigated [ l l - 1 4] .  
We evaluated the time course of the effects of smoking cessation on 
respiratory symptoms, general and disease-specific quality of life and 
cognitive performance in smokers with COPD and asymptomatic smokers 
with normal lung function, who were included in a one-year smoking 
cessation program. 
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Methods 
Subjects 
Sixty-three subjects were recruited from the pulmonary outpatient clinic 
of the University Medical Centre Groningen and by advertisements in 
local newspapers from September 1 998 until December 2000 in order to 
participate in a smoking cessation program for patients with and without 
COPD. COPD patients were included according to the ERS criteria [ 1 5 ] .  
At  analysis we categorised our participants according to the more recent 
ATS-ERS guidelines [ 1 6) .  This resulted in three groups of individuals. 
1) COPD: according to these guidelines COPD is present when an FEY/ 
FYC post bronchodilator <0. 7 exists. The severity is based on FEY 1 post 
bronchodilator expressed as %predicted; e.g . ., 80% is mild COPD, ;;,50-<80 
% is moderate COPD, ;;,30-<50% is severe COPD and <30% is very severe 
COPD. All COPD patients had chronic respiratory symptoms, i .e .  chronic 
cough and sputum production for at least 3 months for 2 successive 
years. 2) symptomatic smokers: smokers with chronic respiratory 
symptoms and without airflow limitation, i .e. "at risk" to develop COPD 
according to the ATS-ERS criteria. 3) asymptomatic smokers: a group of 
individuals without chronic respiratory symptoms or airway obstruction, 
and an FEY1 ;;,85% predicted; according to the criteria they belong to the 
"at risk" group too. Since we felt that symptomatic and asymptomatic 
smokers with normal lung function are different groups of smokers, we 
analysed them separately. 
All participants met the following criteria: age between 45-75 years , > 1 0  
pack-years smoking, actual smoking ., 1 0  cigarettes per day, reversibility 
to salbutamol< 9% of the predicted FEY1 , no use of inhaled or oral 
corticosteroids in the previous 6 months, no signs of atopy (no positive 
skin prick test for 1 0  common aeroallergens and serum total lgE < 200 
IU), no respiratory tract infections l month prior to the study. None of 
the participants had any comorbidity. During the study patients only used 
long acting or short acting B2-agonist or ipratropium on regular basis; 
inhaled corticosteroids were not used. Only in case of an exacerbation, a 
short course of oral corticosteroids was allowed. 
The local medical ethics committee approved the study protocol and all 
subjects gave their written informed consent. 
Study Design 
All subjects were included into our 1 -year smoking cessation behavioural 
program [ 1 7] .  CCQ and lung function tests were performed before 
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and after 2 ,  6 and 1 2  months smoking cessation. In addition, QoL 
questionnaires and cognitive tests were performed before and after 2 and 
12 months smoking cessation. Before each measurement, subjects were 
asked not to use long or short-acting 1!.2-agonists and/or ipratropium at 
least 1 2  hours before the test. They were excluded from a measurement 
when they suffered from a respiratory tract infection or used oral 
corticosteroids in the month prior to the measurement. Participants 
who failed to quit smoking for one year were lost for fol low up, since the 
medical ethics committee decided it unethical to re-assess individuals 
who relapsed after a smoking cessation attempt. 
Smoking cessation program 
The smoking cessation behavioural program consisted of an intensive 
group orientated course for 3 months, followed by 5 meetings throughout 
the rest of the year, as described elsewhere [ 1 7] .  If necessary, nicotine 
replacements were administered during the first 3 months, no bupropion 
or anti-depressants were prescribed. Measuring cotinine levels in urine 
verified smoking cessation before, 2 ,  6 and 12 months after smoking 
cessation. A quitter was defined as someone who refrained from smoking 
for at least 1 year, with negative cotinine levels ( i .e .  <2 5 ng/ml) at both 2 ,  
6 and 1 2  months after smoking cessation, thus sustained abstinence. 
Clinical COPD Questionnaire and Quality of Life Questionnaires 
The three questionnaires were performed in fixed sequence as listed 
below. 
The Dutch version of the Clinical COPD Questionnaire (CCQ) was 
administered to all participants. This questionnaire measures COPD 
related health status including symptoms, functional status and mental 
health [ 1 8] .  The scores range from 0-6; 0 indicating the best possible 
clinical control and 6 indicating the worst possible clinical control. 
The Medical Outcome Study Questionnaire Short Form-36-item (SF-36),  
a generic health-related quality of l ife questionnaire was administered 
to all participants [ 1 9] .  This questionnaire consist of 8 domains: 
physical functioning, role limitations due to physical problems, bodily 
pain, general health, vital ity, social functioning, role limitation due to 
emotional state, mental health. A higher score indicates better quality of 
life .  
The St George Respiratory Questionnaire (SGRQ), a disease-specific health­
related quality of life questionnaire [20] was only evaluated in patients 
with COPD, since asymptomatic smokers had too many missing values. 
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This questionnaire has, next to a total score, three domains: symptoms, 
activity and impact. A higher score indicates worse health related quality 
of life. 
Cognitive performance 
Four psychometric tests, that were used previously in COPD [9], were 
performed in a fixed sequence as listed below. 
The Stroop Colour Word test measures focused attention by making use of 
response interference [2 1 ] .  In the first subtest, subjects are asked to read 
aloud as quickly as possible words consisting of the colour names yellow, 
blue, green and red printed in black. In the second subset, coloured 
blocks should be named. In the third subtest, the colour names have been 
printed in 'wrong colours', e.g. the word green printed in blue [2 1 ;22 ] .  
Al l  subtests are scored in seconds above the predicted test duration, 
which is based on gender and education level .  
The Trailmaking test from Halstead-Reitan battery are visual search tasks 
requiring hand-eye-coordination and mental flexibility [23 ] .  In Trail A, 
numbers have to be connected as fast as possible, and in Trail B numbers 
and letters . 
Digit-symbol test of the Wechsler Adult Intelligence Scale (WAIS) is a subset 
from a widely used intelligence test. Patients are presented with 1 00 
symbols, which they have to code into numbers. The number of correct 
substitutions in one minute is measured. 
In the Addition subtest of Groningen Intelligence Test (GIT) subjects have 
to do sums (additions). They have to add three numbers. The score is 
the correct number of additions during one minute, and is a measure of 
cognition in routine operations [24] . 
Lung Function 
Lung function (FEY I ' FEV/FVC) was measured using dry wedge spirometry 
(Masterscope, Jaeger, Breda, The Netherlands) according to standardised 
guidelines [25 ] .  Bronchodilator responsiveness to 400 J.lg salbutamol was 
measured using a spacer device. 
Data analysis 
Analyses were performed using SPSS for Windows 1 0.0 (SPSS Inc . ,  
Chicago, IL) .  Values of  p<O.OS were considered statistically significant. 
Clinical data were expressed in means (±SD). Data on CCQ, QoL and 
cognitive performance were expressed in medians (minimum-maximum). 
Differences between smokers with COPD, symptomatic smokers and 
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asymptomatic smokers were analysed using the Kruskall-Wallis test, a 
non-parametric equivalent to one-way ANOVA. When the Kruskall-Wallis 
test was significant, the Mann Whitney U test was used to establish which 
groups differed significantly. In the group of subjects who successfully 
quit smoking, differences before and after 2, 6,  and 1 2  months smoking 
cessation were analysed using the Friedman's nonparametric two-way 
Analysis of Variance, a non-parametric test to investigate multiple 
paired time points. If the Friedman test was significant, the Wilcoxon's 
signed rank test was used to define which time-points were different 
from each other. Differences in changes after smoking cessation between 
COPD patients and asymptomatic smokers were analysed using the 
Mann Whitney U test. This test was also used to compare baseline 
characteristics between the group of patients who quit smoking for 1 year 
and the group of patients who did not. 
Spearman's rank correlation test was used to correlate respiratory 
symptoms, cognitive performance and quality of l ife measurements on 
one hand with smoking habits on the other hand. 
Results 
Patient characteristics 
28 smokers with COPD ( 1 3  mild, 8 moderate and 7 severe COPD patients), 
1 0  symptomatic smokers with normal lung function and 2 5  asymptomatic 
smokers with normal lung function were included in the 1 -year smoking 
cessation program. 1 2  COPD patients (6 mild, 4 moderate and 2 severe 
COPD patients) ,  4 symptomatic smokers and 1 6  asymptomatic smokers 
successful ly quit smoking for 1 -year. The group of symptomatic 
smokers was too small to perform longitudinal analysis, thus they were 
excluded from these analyses.  Urinary cotinine levels confirmed smoking 
cessation at 2, 6 and 1 2  months. None of the participants used nicotine 
replacements. Patient characteristics are presented in table I .  
At baseline, COPD patients were slightly older, had more pack-years 
smoking, lower lung function and lower partial arterial oxygen pressure 
in blood (Pa02) than asymptomatic and symptomatic smokers (table 
1 ) .  COPD patients and symptomatic smokers had higher scores for all 
domains of the CCQ, indicating they were more troubled by respiratory 
symptoms and functional restraints (table 2). COPD patients had 
lower scores on almost all domains of the SF-36 questionnaire than 
asymptomatic smokers, but similar scores to symptomatic smokers 
• 
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Table 1 :  Patients characteristics: age, smoking history and lung function 
Totally included in SC program 
COP 
COPD SSM ASM base lim 
n = 28 n= 10  n = 25  n=  1 2  
Age, yr 5 5 ± 5 .8 52 ± 4.6' so ± 3 .7&. · 56 ± S . i  
Gender, M/F 16/12  4/6 1 1/14 7/5 
Pack-years smoking 37 ± 1 2  3 2  ± 1 3  2 5  ± 7 .5&·· 3 5  ± 14 
Cigarettes, number /day 22 ± 8 23 ± 7 2 1  ± 5 2 1  ± 9 
FEV1 post BD ,% pred 71  ± 2 1  1 03 ± 1 5' 1 09 .5  ± 9.9&.· 74 ± 16 .  
FEY/FYC post BD, % 59.6 ± 1 0  79 ± 5 80 ± 4.4 &.· 6 1  ± 1 1  
Pa02 (kPa) 10 . 1  ± 1 . 1  1 1 .0 ± 1 .2" 1 1 .2 ± 1 .2&·· 10 . 1  ± 1 .  
Values are expressed in means ± SD. & p<0.05 Kruskall Wallis test: COPD versus symptomatic 
smokers versus asymptomatic smokers with norma/ lung function. • p<O.OS versus COPD. tp<0.05 
versus baseline. t p<0. 05 change in COPD versus change in asymptomatic smokers (delta's). 
Abbreviations: COPD= chronic obstructive pulmonary disease, SSM= symptomatic smokers, ASM= 
asymptomatic smokers, SC= smoking cessation, M= males, F= females, post BD= after 400 /).g 
bronchodilator (salbutamol), % pred. =percentage of predicted. 
Table 2: The effect of smoking cessation on Clinical COPD Questionnaire (CCQ) 
Baseline total group 
COPD SSM ASM COPD (n=1 2) 
(n= 27) (n= 7) (n= 1 9) months after SC 
0 2 6 
CCQ 
total 1 . 5  (0-4.7)t 1 . 1  (0-1 .6)* 0.6 (0. 1 -2 . 1 )& 1 .9 (0-4.7) 1 . 3  (0.7-3) 1 (0-2 .2):j: 
symptoms 2 .3  ( 1 - 5 . 3)* 1 .8 (0-3 .3)* 1 . 3  (0.3 -3 . 5)& 2.4 ( 1 -5 .3) 1 . 5 (0-3 .8) 1 .8 (0.3-2 .5):j: 
function 1 . 5  (0-5)* 0.5 (0- 1 .5 )  0.3 (0-2 .8)& 1 .9 (0-4.8) 1 .8 (0-3) 1 . 1  (0-3 .5)  
mental 0 (0-5)* 0 (0-0) 0 (0-1 )& 0.3 (0-5) 0 (0- 1 . 5) 0 (0-l . S ):j:  
Values expressed in  median (range). & p<0.05 Kruskall Wallis test: COPD versus symptomatic 
smokers versus asymptomatic smokers. * p <0. 05 versus asymptomatic smokers, t p<0. 05 versus 
asymptomatic smokers and symptomatic smokers, § p<0.05, Friedman test t=O, 2, 6 and 1 2  month 
smoking cessation, tp<O. OS versus t=O. # p<0. 05 change in COPD versus change in asymptomatic 
smokers (delta's). Abbreviations: COPD= chronic obstructive pulmonary disease, SSM= symptomatic 
smokers, ASM- asymptomatic smokers, SC= smoking cessation, CCQ=Clinical COPD Questionnaire. 
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Successful  quitters 
ASM 
12 months sc baseline 12 months SC 
n=1 2 n=1 6  n=16  
49 ± 3 .2" 
7/5 8/8 8/8 
24 ± 7.2" 
2 1 . 5  ± 5 
77 ± 16 .7 1  1 1 1  ± 8.8" 1 08 ± 12 . 5* 
59 ± 14 80 ± 4.9" 81 ± 5 .9 
1 1 .2 ± 1 . 3" 
Follow up 
ASM (n=13) 
months after SC 
1 2  0 2 6 1 2  
1 .2 (0-2.3) §:j: 0.6 (0. 1 -2) 0.3 (0- 1 .4)1 0.3(0. 1 -2) 0.4 (0- 1 .  5)§# 
1 .3 (0.3-2.8)§:j: 1 . 5  (0.3-2) 0.5 (0-2) 0.5 (0-4) 0.8 (0-1 .8)# 
1 . 1  (0-3) 0.3 (0-2.8) 0 (0- 1 .5 )  0.3 (0- 1 .3)  0. 1 (0- 1 .8) 
0 (0- 1 )§:j: 0 (0-1 )  0 (0-0.5) 0 (0-0.5) 0 (0-0 .5)  
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(table 3) .  Cognitive performance measurements did not significantly 
differ between the groups (table 4). 
Effects of smoking cessation on CCQ 
1 2  smokers with COPD and 1 3  asymptomatic smokers had completed 
CCQ measurements at baseline and after 2, 6 and 1 2  months smoking 
cessation. 
In COPD patients, the domains total score, symptoms and mental state 
improved significantly at 6 and 1 2  months smoking cessation, whereas 
functional state did not (table 2). In asymptomatic smokers, the total 
Figure 1 :  Effect of smoking cessation 
on Clinical COPD Questionnaire (CCQJ 
total score in smokers with COPD 
(COPD) and in asymptomatic smokers. 
mo= months. * p<O.OS. 
0= best possible clinical control, 6= 
worst possible clinical control (Likert 
scale). 
Figure 2: The effect of smoking 
cessation on cognitive performance 
(Stroop test, colour-word card) in 
smokers with COPD (COPD) and in 
asymptomatic smokers. SCW = Stroop 
colour word test, CW= colour-word, 
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score improved slightly at 2 months smoking cessation (p=0.02), but this 
was not significant at 6 and 12 months (table 2). 
The response to smoking cessation was significantly different between 
the two groups for the total score of the CCQ (figure 1 )  and symptom 
domain. 
Effects of smoking cessation on Quality of Life (SF-36, SGRQ) 
The SF-36 was completed at baseline, 2 and 1 2  months after smoking 
cessation by 1 0  patients with COPD and 14 asymptomatic smokers. 
In addition, the 1 0  COPD patients completed the SGRQ. Results are 
presented in table 3 .  
I n  patients with COPD, the SF-36 domain "general health" improved 
significantly at 2 months smoking cessation, and tended to improve at 
1 2  months smoking cessation (p=O . l ) .  "Bodily pain" improved at 
1 2  months in this group of patients (p=0.04). None of the domains of 
the SGRQ improved after smoking cessation. 
In asymptomatic smokers quality of l ife did not change after smoking 
cessation. 
Effects of smoking cessation on cognitive performance 
1 0  COPD patients and 1 3  asymptomatic smokers completed the tests of 
cognitive performance at baseline, 2 and 1 2  months smoking cessation 
(table 4). 
In patients with COPD, the Stroop colour word test (colour card and 
colour-word card) and the Trail B test improved significantly at 1 2  months 
smoking cessation. 
In asymptomatic smokers, the Stroop colour word test (word card) and 
trail B improved significantly at 2 months smoking cessation and this was 
maintained at 1 2  months. The trail A improved at 1 2  months (p=0.004). 
The improvement in the Stroop colour word test (colour-word card) was 
significantly higher in COPD patients than in asymptomatic smokers 
(p=0.024) (figure 2) .  
Correlations of smoking habits and history and questionnaire outcome 
CCQ: Pack-years smoking correlated significantly with total score, 
symptom domain and functional state CCQ scores (rho= 0 .38 ,  0 .37  and 
0 .33  for respectively). CCQ scores did not show any correlations with 
current smoking. 
SF-36 :  The number of cigarettes smoked per day correlated negatively 
with the domains social functioning, role l imitations due to physical 
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Table 3: the effect of smoking cessation on QoL (SF-36 and SGRQ) 
Baseline total group 
COPD SSM ASM COPD n=10  months after 51 
n=24 n= 7 n=20 0 2 
SF 36 
Physical 
functioning 75 ( 10-95)* 90 (65-95) 95  (40-100)& 68 (20·95) 60 (25-95) 
Social 81 (2 5 -1  00)* 75 (50- 100) 100 (50-1 00)& 69 (38-1 00) 88 (25- 1 00 functioning 
Role PhysicaJl 63 (0·100)* 1 00 (S0-100) 1 00 (0-1 00)& 25 (0-1 00) 1 00 (0-1 00 
Role EmotionaF 83 (0-1 00)* 1 00 (0- 1 00) 1 00 (0-1 00)& 67 (0- 1 00) 100 (0- 1 00 
Mental Health 68 (36-96) 72 (48-92) 82 (52-96) 62 (36-96) 72 ( 1 6- 100 
Vitality 55 ( 1 0-90)* 55 (30-85) 75 (30-95)& 48 ( 1 0-90) 60 (5 ·100) 
Bodily pain 89 (33-1 00) 1 00 (67-1 00) 95 (45 - 100) 84 (35 -100) 1 00 (45·10  
General health 60 (1  0-95)t 75 (50- 100) 73 (40-1 00)& 5 5  ( 10-85) 70 ( 1 5-90) 
SGRQ 
Total 27 (4-70) 36 (4-62) 23 (9-53) 
Symptoms 54 ( 14-95) 66 ( 14-95) 58  (35-85)  
Activity 33 (6·93) 48 (6-73) 30 (5-79) 
Impact 16 (0-50) 20 (0-46) 1 1  (0-34) 
Values expressed in median (range). & p<O.OS Kruskall Wallis test: COPD versus symptomatic 
smokers versus asymptomatic smokers. • p <0. 05 versus asymptomatic smokers, t p<O.OS versus 
asymptomatic smokers and symptomatic smokers, § p<O.OS, Friedman test t=O, 2, 6 and 12 month 
smoking cessation, t p<O. OS versus t=O. # p<O. OS change in COPD versus change in asymptomatic 
smokers (delta's). 1 Role physical = role limitations due to physical problems, 1 Role emotional = role 
limitations due to emotional state. Abbreviations: COPD= chronic obstructive pulmonary disease, 
SSM= symptomatic smokers, ASM= asymptomatic smokers, SC= smoking cessation, SF-36= Short 
Form 36, SGRQ= St George Respiratory Questionnaire. 
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Follow up 
12 0 
75 (25 - 100) 93 (40-1 00) 
75  (38- 100) 1 00 (50-100) 
1 00 (0-1 00) 1 00 (0-1 00) 
100 (33- 1 00) 1 00 (0- 100) 
74 ( 1 6-100) 84 (5 2-96) 
63 (30- 100) 73 (30-90) 
100(3 5-100)§:1: 85  (45 - 100) 
58 (25 -100)§ 68 (40-1 00) 
24 (3-4 1 )  
40  (7-8 1 )  
3 5  (7-79) 
1 3  (0-24) 
ASM n=14 
months after SC 
2 
95 (60-100) 
88 (38- 100) 
1 00 (0-1 00) 
1 00 (0-1 00) 
76 (40-1 00) 
55 (25-1 00) 
1 00 ( 57-1 00) 
70 (40-1 00) 
1 2  
9 5  (60-1 00) 
1 00 (63-100) 
1 00 (0-100) 
1 00 (67-100) 
86 (56- 100) 
60 (25-1 00) 
1 00(45-100)# 
68 (45 - 1 00)# 
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Table 4: The effect of smoking cessation on cognitive performance 
Baseline total group 
COPD SSM ASM COPD n=10  months after SC 
n=27  n=7 n=20 0 2 
Education level 4 (2 -6) 5 (2 -7) 5 (3-6) 5 (2-6) 
Stroop WC1 1 (-1 2-3 1 )  2 .3  (-7-7) 2 (-1 0-29) 2 ( -10-9) 0.5 (- 10-7) 
Stroop C(l -3 .5 (-62-1 7) -2 .5 (-7-16) -1 (-1 5-23) -4 .5 ( -10-13) · 1  (-1 2-9) 
Stroop CW(l 4 (-1 8-42) 5 (-1 -20) 2.3 (-24- 55) 1 7. 5  (-6-42) 7 (-7-4 1 )  
Time over trail A, s 37  (22-68) 41 (25-45) 36 ( 1 9-60) 35 (25 -59) 37 (25-59) 
Time over trail B, s 80 (46- 14 1 )  78  (52-88) 74 (45 - 163) 85 (46-126) 73 (50- 1 10) 
Digit-Symbol test 33 ( 1 6- 5 1 )  3 5  (29-43) 40 ( 2 1 -49) 3 1  (26·47) 32 (27-43) (WAIS), n/min 
Arithmetic part of 12 (6-20) 17 ( 1 1 - 18) 1 4  (9-2 1 )  1 2 .5  (6-20) 14 (7- 19) GIT, n/min 
Values expressed in median (range). § p<D.OS, Friedman test t=D, 2, 6 and 1 2  month smoking 
cessation, :f: p<0.05 versus t=D. # p<0.05 change in COPD versus change in asymptomatic smokers 
(delta's). Abbreviations: SSM= symptomatic smokers, ASM= asymptomatic smokers, SC= smoking 
cessation; WC= word card; CC=co/our card; CWC= colour word card; CIT= Groninger Intelligence 
Test; s=second; n/min= number in 1 minute. 1 in seconds above predicted. 
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Follow up 
ASM n=l 3  
months after SC 
1 2  0 2 1 2  
5 (3-6) 
1 . 5  (- 1 3-5} 2 (-6- 1 0) -2 (- 1 2-5):j: -4. 5  (-8-5) §:j: 
-6 (- 1 3-9)§:j: - 1  (- 1 0- 1 2) -6 ( - 14- 1 5 ) -8 (- 16-9) 
3 . 5  (-26-3 1 )  §:j: 3 (-24-20) -3 (- 1 3-3 1 ) 1 (- 1 1 -28)# 
37 (23-44) 34 ( 1 9-45 )  29  (2 5-205) 28 ( 1 6-36) §:j: 
61 (48-90) §:j: 75 (45-85) 60 (0-80):j: 5 5  (44-76) §:j:  
33  (28-4 7) 40 ( 2 1 ·49) 40 (34-53) 4 1  (34-49) 
1 5  (4- 1 9) 1 4  (9-2 1 )  14 (9- 1 9) 1 6  (9-20) 
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problems and role limitations due to emotional problems, rho= -0 . 32 ,  
rho=-0 .35 ,  rho:::-0 .36 respectively (p<0.05). Pack-years smoking was 
significantly and negatively correlated with almost all domains :  physical 
functioning (rho=-0.35) ,  social functioning (rho::: -0 .33) ,  role limitations 
due to physical problems or emotional problems (rho= -0. 37  and -0.43 
respectively), vitality (rho= -0.48) and general health (rho= -0. 3 1 ) .  
At baseline, none of the cognitive performance tests showed any correla­
tions with the number of cigarettes smoked per day or pack-years smoking. 
Discussion 
This study shows that cognitive performance improves both in COPD 
patients and in asymptomatic smokers with normal lung function after 
quitting smoking. Interestingly, it improved already after 2 months 
smoking cessation in asymptomatic smokers, whereas in COPD patients 
it did so after 1 2  months. In addition, CCQ scores improved already 
significantly after 6 months smoking cessation in patients with COPD, 
whereas they improved slightly in asymptomatic smokers at 2 months, 
which was not maintained at 6 or 1 2  months smoking cessation. Finally, 
quality of life measurements improved slightly after smoking cessation in  
COPD patients only, though not  to  a large extent. 
Smoking cessation in both COPD and asymptomatic smokers improved 
cognitive performance, especially focused attention (Stroop test), visual 
search tasks requiring hand-eye-coordination and mental flexibility 
(trailmaking A and B). 
Many studies have investigated the effect of smoking cessation on 
cognitive performance, but they provided inconsistent results. Short­
term cigarette or nicotine withdrawal ( 1 2  -24 hrs) decreased some aspects 
of cognitive performance, especially motor responses and recognition 
memory [ 1 1 ; 14] .  Interestingly the same studies showed that attention, 
another feature of cognitive performance, increased after short-term 
exposure to nicotine or cigarette smoke. Cross-sectional studies showed 
that cognitive performance in asymptomatic smokers was lower than 
in exsmokers and nonsmokers, whilst there was no difference between 
exsmokers and nonsmokers [ 14 ; 26-29] .  In contrast, one study in elderly 
subjects showed no differences between smokers and exsmokers [ 1 2] .  
So far, the effects of smoking cessation on cognitive performance have 
not been investigated in COPD. We found an improvement in cognitive 
performance after smoking cessation in both asymptomatic smokers 
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and smokers with COPD, which seems to be in l ine with previous cross­
sectional data on smokers and exsmokers. The improvement in cognitive 
performance was already significant at 2 months smoking cessation in 
asymptomatic smokers, whereas it took 1 2  months smoking cessation in 
COPD patients. We interpret this in that COPD patients may have more 
difficulty to quit smoking than asymptomatic smokers since they have 
a greater physical dependence on nicotine [2] .  This greater dependence 
may still influence cognitive performance in the first months after 
smoking cessation. 
A previous study by Liesker et a/. has shown that cognitive performance 
in non-hypoxemic COPD patients is lower than in controls [9], in the 
current study whereas it did not differ between asymptomatic smokers 
and smokers with COPD. There are two explanations for the discrepancy 
with our present observation. First, the previous study did not 
discriminate between smokers and exsmokers, whereas we included only 
smokers at baseline. Secondly, the patients in the study of Liesker et a/. 
had more severe COPD. 
Most domains of the CCQ (total, symptoms and mental) improved in COPD 
patients after 6 and 1 2  months smoking cessation .  The improvement in 
respiratory symptoms (cough, sputum production and dyspnoea) is in 
line with previous findings [3]. The functional domain of the CCQ did 
not improve after 1 2  months smoking cessation. This suggests that a 
longer period is needed for improvement in daily activities compared 
to respiratory symptoms and mental state. The improvement in daily 
activities may also result  from the improvement in respiratory symptoms 
(CCQ symptom domain), since we found a positive correlation between 
changes after smoking cessation in the symptom domain and functional 
domain (rho=0.49, p=0.008; data not shown). Asymptomatic smokers 
showed a slight decrease in CCQ total score after 2 months smoking 
cessation, yet this was not maintained after 6 or 12 months smoking 
cessation .  This finding is not surprising, since these subjects were 
included only if they experienced no chronic respiratory symptoms. 
In COPD patients, quality of l ife measurements improved only slightly 
after smoking cessation, i.e. in the domains general health, bodily pain 
of the SF-36.  To our knowledge this is the first study investigating the 
longitudinal effects of smoking cessation on quality of l ife in COPD 
patients, and, cross-sectional data are also Jacking. Some large population 
studies have cross-sectionally investigated the effect of smoking on 
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quality of l ife in so called 'healthy' smokers and exsmokers, quality of 
life generally being lower in the former [6 ;8 ;30-32] .  The few longitudinal 
studies available on the effects of smoking reduction or smoking 
cessation on quality of l ife in healthy smokers show that after reduction 
or cessation quality of l ife improved, especially in the domains vitality, 
mental healthy and general health perception [33 ;34]. We conclude that 
in COPD patients smoking cessation improves quality of l ife similar to 
previously published findings in healthy smokers. 
None of the domains of the SF-36 showed any changes after smoking 
cessation in our asymptomatic smokers. This may be due to the fact that 
asymptomatic smokers experience only limited direct health benefits. It 
may also be that the smoking cessation period of 1 year is too short to 
measure the effects, since it has been shown that 'the time since quitting' 
is related to quality of life,  e.g. the longer one quitted the better the 
improvement in quality of l ife measurements [30]. 
Some changes in quality of life data were found in smokers with COPD 
and not in asymptomatic smokers . A likely explanation for this finding 
is that smokers with COPD had lower quality of life outcomes at baseline 
compared to asymptomatic smokers. Most asymptomatic smokers had no 
impairments in daily life and thus improvement was not possible. 
An explanation why only a few significant changes in quality of l ife 
outcomes were found might be that the number of subjects who 
successfully stopped smoking was rather low, i.e. 1 2  COPD patients 
and 1 3  asymptomatic smokers. Another explanation could be that the 
group of COPD patients had rather mild disease, with only slightly 
decreased quality of l ife outcomes at baseline. To investigate the effect 
of smoking cessation on quality of life in COPD, one might need a more 
homogeneous and larger group of severe COPD patients. Notwithstanding 
a lack of significant effect on quality of l ife,  cognitive performance and 
respiratory symptoms improved significantly, despite the low numbers of 
participants. 
Quality of l ife was negatively associated with current smoking and pack­
years smoking, especially the domain social functioning. This is in l ine 
with previous studies which have shown that smokers, and particularly 
heavy smokers [30] , have a worse quality of l ife, especially mental health 
status, than nonsmokers and exsmokers [6 ;8 ;30 ;35 ;36]. Even young 
smokers (20 years old) have a lower quality of l ife than age-matched 
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smokers. This was somewhat surprising, since smoking is frequently 
a socially driven habit. Many smokers explain that everybody in their 
environment smokes, and they do not wish to be outsiders. Besides, they 
do so in order to cope with certain (social) events. Hence one would not 
expect a negative association between pack-years smoking and social 
functioning in smokers. An explanation for this finding may be that 
smokers are often slightly depressive people with a low self-esteem and 
the effect of nicotine in the short term as well as the long term reduces 
their problems but still not sufficient enough to reach normal levels 
[30; 3 5 ; 3 7] .  Furthermore, smoking may have a systemic effect resulting 
in asthenia and vitality loss, which can contribute to a decreased quality 
of life [35 ] .  Finally, smoking nowadays is considered as "a crime" in the 
community in contrast to years ago when smoking was the norm. 
In conclusion, our data provide more information about features that 
may be important for future smoking cessation programs/guidelines, 
especially for COPD patients. COPD patients experience less respiratory 
symptoms already shortly after smoking cessation and have a better 
health status after l year. Future smoking cessation programs for COPD 
patients should focus on these aspects. Cognitive performance improved 
both in asymptomatic smokers with normal lung function and smokers 
with COPD who quitted smoking, yet faster in asymptomatic smokers 
than in COPD patients. This may be due to a greater physical dependence 
on nicotine in the latter patients. 
We advice to use these findings into future smoking cessation programs, 
since it may encourage smokers to quit and it may stimulate quitters to 
maintain a l ife without cigarette smoking. 
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Abstract 
Smoking induces COPD and is associated with airway inflammation and 
airway hyperresponsiveness (AHR). It has not been studied in COPD 
whether direct (methacholine) and indirect (adenosine-5 '-monophosphate, 
(AMP)) are associated with airway inflammation, and neither whether 
smoking cessation improves these features. 
We cross-sectionally investigated the relationship of AHR to methacholine 
and AMP with lung function and inflammatory cells in sputum of 
33 smokers with COPD. In addition, changes in these parameters were 
prospectively assessed in 14 smokers who successfully quit smoking for 
l year. 
The presence of AHR to both methacholine and AMP was associated 
with lower lung function, but not with sputum inflammation. AHR to 
methacholine and AMP improved significantly after l year smoking 
cessation, yet this was unrelated to changes in sputum cell counts. The 
numbers of neutrophils and epithelial cells significantly increased with 
smoking cessation. 
Both direct and indirect AHR are associated with lower lung function, but 
not with sputum inflammation in COPD. Interestingly, l year smoking 
cessation improved both direct and indirect AHR, yet without a significant 
association with changes in lung function or sputum inflammation. 
Thus, other factors l ikely induce these improvements, e.g. a reduction 
in stimulation of irritant receptors, airway wall changes, or mucus 
hypersecretion. 
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Introduction 
It is now widely accepted that airway hyperresponsiveness (AHR) may 
occur both in asthma and COPD [ l -3 ] .  It is c lear that smoking induces 
COPD, but it may also contribute to AHR by the induction of airway 
inflammation, and by geometric changes of the airways due to airway 
smooth muscle hypertrophy, mucus hypersecretion, and loss of alveolar 
attachments [4-8] . 
Smoking cessation is the only measure to prevent accelerated loss of lung 
function [9 ; 1 0] .  Given the observed association between smoking and AHR, 
one may anticipate that smoking cessation also improves AHR in COPD. 
AHR can be measured using direct and indirect stimuli as provocative 
substances. Histamine and methacholine act directly on airway smooth 
muscle cells via binding to histamine and muscarinic receptors, 
respectively. Adenosine-5 '-monophosphate (AMP) is a stimulus that acts 
indirectly on smooth muscle cells  via activation of inflammatory cells, 
especially mast cells, or via neural pathways [ 1 1 ] .  Only a few studies 
have investigated the effect of smoking on AHR in COPD patients. Two 
cross-sectional studies showed no differences in AHR to histamine or 
methacholine between exsmokers and smokers with COPD [ 1 2 ; 1 3] .  
In contrast, the Lung Health Study showed that AHR to methacholine 
deteriorated to a smaller extend in quitters than in persistent smokers 
[ 14] .  Oosterhoff et a/. [ 1 3 ] reported that exsmokers with COPD were 
less hyperresponsive to AMP than smokers with mild COPD, despite the 
fact that they had similar levels of methacholine responsiveness. This 
suggests that smoking affects AMP responsiveness in particular. 
In asthma, AMP responsiveness reflects airway inflammation more 
closely than methacholine responsiveness [ 1 5 ; 1 6] .  In COPD, increased 
methacholine responsiveness has been associated with more extensive 
airway inflammation in lung tissue and higher number of T-lymphocytes 
[6; 1 7] .  In exsmoking COPD patients more severe AMP responsiveness was 
associated with an increased percentage of sputum eosinophils and of 
CD8+ lymphocytes in bronchial biopsies [ 1 8] .  
In this study we  evaluated 3 3  smokers with COPD in order to  investigate 
the relationship of methacholine and AMP responsiveness with lung 
function and sputum inflammatory indices. We subsequently assessed the 
effect of one-year successful smoking cessation on both the provocative 
concentration causing a 20% fall in forced expiratory volume in one 
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second (PC20) of methacholine and AMP and the associated changes in lung 
function and sputum inflammatory indices in 1 5  patients of this group. 
Methods 
Patients 
Smokers with COPD were included according to ERS criteria [ 1 9] ,  e.g. 
chronic cough and sputum production for at least 3 months for 
2 successive years, FEY/Vital Capacity (VC) <88% predicted for males and 
<89% pred for females. In addition, subjects met the following criteria: l) 
reversibility to salbutamol< 9% of the predicted FEV1 ; 2) no use of inhaled 
or oral corticosteroids at entry and in the previous 6 months; 3) no atopy 
(no positive skin prick test for 1 0  common aeroallergens, serum total IgE 
< 200 IU). During the study, patients only used long acting or short acting 
B2 agonist or ipratropium on regular basis; no inhaled corticosteroids 
were used. Only in case of exacerbation was a short course of oral 
corticosteroids used. Patients were recruited from the pulmonary 
outpatient clinic of the Groningen University Hospital, Groningen, The 
Netherlands and by advertisements in local newspapers. The local 
medical ethics committee approved the study protocol. All patients gave 
their written informed consent. 
Study Design 
All patients visited the hospital on 4 days, at least 1 week apart, before 
entry into a 1 -year smoking cessation behavioral program. AHR to 
methacholine and to adenosine-5 '-monophosphate (AMP) were performed 
and this was repeated in patients who successfully quit smoking for 
1 year. Sputum induction was performed before and after 2, 6 and 1 2  
months smoking cessation. I n  order to investigate the repeatability of 
sputum cells, sputum induction was performed twice before entry into 
the smoking cessation program. Before each measurement subjects were 
asked not to use long or short-acting B2 agonist and/or ipratropium 
at least 12 hours before the test. The subjects did not suffer from a 
respiratory tract infection nor used oral corticosteroids in the month 
prior to the measurement. 
The smoking cessation behavioral program consisted of an intensive 
group-orientated course for 3 months, followed by five meetings 
throughout the rest of the year. If necessary, nicotine replacements were 
administered during the first 3 months; no bupropion or anti-depressants 
were prescribed. Measuring cotinine levels in urine verified smoking 
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cessation before, 2 ,  6 and 1 2  months after smoking cessation .  A quitter 
was defined as someone who refrained from smoking for at least 1 
year, with negative cotinine levels at 2 ,  6 and 1 2  months after smoking 
cessation. 
Airway Function 
Lung function (FEV1 , FEVJVC) was measured using dry-wedge spirometry 
(Masterscope, jaeger, Breda, The Netherlands) according to standardised 
guidelines [20]. Airway conductance (sGaw) was measured by body 
plethysmography (Masterscope, jaeger). Provocation tests were performed 
with a 2-minute tidal breathing method adapted from Cockcroft er a/. 
[2 1 ] .  After an initial nebulised saline challenge, subjects inhaled doubling 
concentrations, ranging from 0.038 to 39.2 mg/ml of methacholine­
bromide (Sigma Chemical Co. St Louis, MO) and from 0.04 to 320 mg/ml 
of AMP (Sigma Chemical Co. St Louis,  MO), at 5-minute intervals. The test 
was terminated when a PC20 was reached. 
Sputum Induction and Sputum Processing 
Sputum was induced by inhalation of hypertonic saline aerosol as 
described previously [22] .  Hypertonic saline (3%, 4% and 5% w/v) 
was nebulised for each concentration over a period of 7 minutes, 1 5  
minutes after salbutamol (400 11g) inhalation. Whole sputum samples 
were processed according to the methods Rutgers et a/. and Fahy et a/. 
[22 ; 2 2 ;23 ] .  Sputum cytospin slides were stained with May-Griinwald­
Giemsa for differential cell counts. 
Data analysis 
All calculations of PC20 were made with the base-2 logarithm (2log). 
Patients responding to saline were assigned a PC20 value that was half 
of the lowest concentration applied. Patients not responding to the 
highest concentration of methacholine or AMP were assigned a value of 
twice the highest concentration applied. The repeatabil ity of sputum 
induction was investigated using the Bland and Altman approach (limits 
of agreement are expressed as ± 2 SO of the mean of differences between 
two measurements within which 95% of the d ifferences of repeated 
measurements are expected to be and the mean of the difference must 
be closely to 1) [24] . The repeatabili ty of sputum inflammatory cells was 
satisfactory. 
Correlations between variables were calculated with Spearman's rank 
correlation test. In the group of patients who successfully quit smoking, 
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differences before and after smoking cessation were analysed using 
Wilcoxon's signed rank test. Analyses were performed with SPSS for 
Windows 1 0.0 (SPSS Inc. ,  Chigago, IL). 
Results 
Patient characteristics 
In total , 3 3  COPD patients were included into the 1 -year smoking 
cessation program. PC20 methacholine was measured in 30 of 3 3  patients 
and PC20 AMP in 29 of 33 patients at baseline. Missing values were related 
to an FEY1 of < 1 .0 L (the lower l imit to perform a provocation test in our 
laboratory; table 1 ) . 
A total of 1 5  COPD patients successfully quit smoking (smoking cessation 
group). All urinary cotinine levels were negative at 2, 6 and 1 2  months 
after smoking cessation. None of the participants had used nicotine 
replacements. 
Univariate correlations of PC20 Methacholine and PC20 AMP with clinical and 
inflammatory parameters 
A highly significant positive correlation was found between both PC20 
methacholine and PC20 AMP and FEY1 %pred, FEYJYC and sGaw (table 
2) .  There was a borderline significant negative correlation of PC20 
methacholine with age (rho=-0.36,  p=0.052) .  No significant correlations 
were found between PC20 methacholine or PC20 AMP and the investigated 
inflammatory parameters. 
Effect of smoking cessation on PC20 methacholine and PC20 AMP 
In 1 4  of 1 5  COPD patients, PC20 methacholine and PC20 AMP were measured 
both before and 1 year after smoking cessation. PC20 methacholine and 
PC20 AMP improved with smoking cessation by 1 .6 and 2 . 1  doubling 
concentrations, respectively (table 1 ,  figure 1 ) .  More patients improved 
with PC20 AMP than with PC20 methacholine ( 1 1 versus 7, p=0. 1 ) .  Total cell 
concentration increased in sputum after 6 months smoking cessation 
from 1 1 60 to 3022x1 03 cells/mL and was still increased after 1 2  months 
smoking cessation (33 14xl03 cells/mL). The number of epithelial cells 
showed the same pattern; from 7 to 34, and to 22xl03 cells/mL at the 
same time points, respectively. The number of neutrophils increased 
after 6 months smoking cessation, from 756 to 1 2 32xl03 cells/mL and 
increased even more after 1 2  months smoking cessation to 2879xl03 
cells/mL (table 1 ,  figure 2). 
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Figure 1 :  a) Provocative concentration causing a 20% fall in forced expiratory volume in one second 
(PC2J of methacholine and b) PC20 of adenosine-5'-monophosphate (AMP) before and after 1 2  months 
smoking cessation in patients with COPD. Horizontal bars represent median values. 2/og= base-2-
logatithm. *p <0.05. 
Figure 2: Sputum neutrophils (1 06/mL) 
before and after 2, 6 and 1 2  months 
smoking cessation in patients with COPD. 
Horizontal bars represent median values. 
* p<O.OS. 
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Table 1 :  Patients' characteristics 
Total group"' 
Quitters 
Age, yr 5 5  (46-67) 
Gender, M/F 20/13  
Pack years 3 5  ( 1 5-66) 
Cigarettes /day 2 1 .9 (1 0-40) 
FEV1,%pred 71  (28- 1 14) 
FEV/VC, % 5 5 .4 (25 -76) 
sGaw, 1/(kPa.s) 0.68 (0.2-1 .8) 
PC20 AMP, mg/ml 3 .3 (0.02 -640) 3.4 
PC20 Mch, mg/ml 2 . 5  (0.018-78.2) 
Sputum 
Cell cone. , 1 03/ml 1 507 (480-9620) 
Eosinophils, 103 /ml 1 7  (0- 1 30) 
% 1 . 5  (0-4. 1 )  
Neutrophils, 103 /ml 870 (240-76 10) 
% 67.3 (39. 1 -87.3) 
Macrophages, 103/ml 426 (90-26 10) 
% 28.4 (9.9-58.4) 
Lymphocytes , 1 03/ml 1 5  (0-220) 
% 0.8 (0. 1 -4.6) 
Epithelial cells, 103/ml 8 (0- 1 1 0) 
% 0.5 (0- 1 1 )  
Baseline 
1 5  
5 5 .6 (46-63) 
9/6 
34 ( 1 5-66) 
20.6 (1 0-40) 
75 (36- 1 1 4) 
57.3 (2 5-76) 
0.74 (0.2-1 .8) 
44 (4.44-640) 
2 . 57  (0. 1 5-78.2) 
1 1 60 (480-9620) 
1 8  (0-106) 
1 . 5  (0-4.0) 
756 (235-7608) 
73.8 (45-86) 
407 (90-26 15 ) 
24.2 ( 1 1 .8-52. 7) 
1 0  (0-77) 
0.8 (0. 1 - l . l )  
7 (0-60) 
0.3 (0-2. 1 )  
After 2 months 
1 5  
9/6 
2990 (32- 13873 
7 (0-1 1 1 ) t 
0. 7 (0-2 .6)1 
2763 (2 3-9079) 
77.8 (38-97) 
462 (8-8268) 
20. 1 (2.2-59.6) 
10 (0-1 1 1 ) 
0.8 (0. 1 - 1 . 3  
0 .2  (0-83) 
0.1 (0-0.8)1 
Values expressed as n and medians (range), except for age, FEV1, FEV/VC in means (range) and for 
PC20 AMP, PC20 Mch in geometric mean (range). M- male; F= female; sGaw� airway conductance; 
SC= smoking cessation; PC2aAMP = provocative concentration of adenosine monophosphate causing 
a 20% fall in FEV1; PC20Mch = provocative concentration of methacholine causing a 20% fall in 
FEV1; cell cone. = cell concentration. t p<O.OS before SC versus 2 months after SC, • p<O.OS before 
SC versus 6 months after SC, * p<0.05 before SC versus after 1 2  months SC. + p=0.056 before SC 
versus after 1 2  months SC, & n=33. 
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After 6 months SC 
1 5  
9/6 
3022 (206- 1 1 577)' 
5 (0- 1 50) 
0.5 (0-2 .6) . 
1 232 (1 20-8856) ' 
68.3 (35 .5-93) 
807 (9-23 73) 
28 (4.3-6 1 .6) 
36  (5-1 50) ' 
1 .3 (0. 5-2.6) . 
34 (0-75 1 ) •  
0.8 (0- 13 .3 )  
After 1 2  months SC 
1 5  
9/6 
77 (42- 1 1 5) 
58 .6 (33-84) 
0.66 (0.28-3.43) 
1 76 ( 1 .04-640)* 
8 . 1  (0.09-78.2)* 
3 3 14  ( 1 6- 1 2290)* 
1 1  (0-140) 
0.2 (2-3 .6)* 
2879 ( 1 20- 1 1 040)* 
78.7 (3 1 .6-89.8)+ 
778 (2 16-2940) 
19 .2  (7.9-60. 7)* 
26 (5-1 60) 
0.8 (0. 1 -3 .0) 
22 (0-98)* 
0. 5 5  (0-6) 
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Table 2: Spearman's rank correlations of clinical and inflammatory parameters with provocative 
concentration causing a 20% fall in forced expiratory volume in one second (PC2oJ of methacholine 
or PC20 of adenosine-5'-monophosphate (AMP) 
PC20 Mch (N=30) PC20AMP (N=29) 
p p Value p p Value 
Age -0.36 0.052 -0.30 0. 1 2  
Gender 0 .016 0.93 0.089 0.65 
Pack years -0.097 0.61 -0. 1 9  0.34 
Cigarettes/day 0.26 0 . 17  0.28 0 . 14 
FEVl' %  pred 0.75 0.00 0.58 0.001 
FEV/VC, % 0.82 0.00 0.87 0.00 
sGaw, 1/(kPa.s) 0.70 0.00 0.69 0.00 
Sputum, 1 03/mL 
Cell concentration 0.086 0.65 0.080 0.68 
Eosinophils -0.32 0.085 - 0.2 1  0.28 
Neutrophils 0.009 0.96 -0.032 0.87 
Macrophages 0.26 0. 16  0.23 0 .22 
Lymphocytes -0.071 0 .71  - 0.06 0.75 
Epithelial cells -0 .25  0. 1 8  - 0. 1 8  0.36 
FEV1= forced expiratory volume in one second, VC= vital capacity, sGaw= airway conductance 
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Table 3: Spearman:S correlations (p) of changes IOJ in clinical and inflammatory parameters with 
changes 10) in provocative concentration causing a 20% fall in forced expiratory volume in one 
second (PC2r) of methacholine or PC20 of adenosine-5'-monophosphate (AMP) during 1 -year smoking 
cessation 
OPC20 Mch OPC2U AMP 
p p Value p p Value 
OFEV1, % pred 0.075 0.80 0. 1 8  0 .53  
OFEV/VC, % -0. 1 06 0.72 0.06 0.85 
OsGaw, 1/(kPa.s) 0.004 0.99 0.077 0.79 
Sputum, 1 03/mL 
D Cell concentration -0. 32  0 .27 0.044 0.8 
D Eosinophils -0.036 0.91 -0.36 0.23 
D Neutrophils 0. 1 8  0.56 -0.008 0.98 
D Macrophages -0. 1 5  0.64 0.083 0.79 
D Lymphocytes 0.34 0.26 0.28 0.36 
D Epithelia) cells -0. 1 1  0 .71 -0. 14  0.65 
FEV1= forced expiratory volume in one second, VC= vital capacity, sGaw= airway conductance 
Smoking cessation in chronic obstructive pulmonary disease 
No significant correlations were found between changes in PC20 AMP or 
in PC20 methacholine with smoking cessation and changes in variables of 
lung function or sputum inflammation (table 3) .  
Discussion 
This study of 33  smoking COPD patients showed that PC20 methacholine 
and PC20 AMP were associated with prechallenge lung function parameters 
(FEYI ' FEY/YC, sGAW);  however, total and differential cell counts in 
sputum did not correlate with the severity of airway responsiveness to 
either provocative stimulus. An important observation of this longitu­
dinal study is that PC20 methacholine improved with 1 .6 doubling concen­
trations and PC20 AMP even with 2 . 1  doubling concentrations after 1 -year 
smoking cessation. These improvements in AHR were not associated with 
improvements in sputum total and differential cell counts. 
Wise et a/. [ 14] recently showed that AHR to methacholine deteriorated 
over a 5-year period in patients with COPD, which was more pronounced 
in persistent smokers than in quitters. This suggests that smoking 
cessation prevent further deterioration in AHR. In contrast, the current 
study shows an improvement in AHR to methacholine after 1 -year 
smoking cessation. The main differences between our study and the 
Lung Health Study are the smoking cessation period and the number of 
subjects. It may well be that after 1 -year smoking cessation AHR improves 
since it has been shown that ( 1 )  during the first year of smoking cessation 
FEY1 may improve and (2) that changes in AHR in COPD are closely related 
to changes in FEY1 [9 ; 14 ;25 ] .  After 5-year smoking cessation this positive 
effect on AHR may have been overruled by the deterioration in AHR due 
to ageing in COPD patients [26]. 
AMP responsiveness has been reported to be more severe in smoking 
than in exsmoking COPD patients [ 1 3] .  The latter is compatible with 
our longitudinal study, showing that AMP responsiveness improves 
significantly with 2 . 1  doubling concentrations after 1 -year persistent 
smoking cessation, and it improves in virtually all our patients with 
COPD. A remarkable observation is that improvements in hyper­
responsiveness were not associated with changes in sputum inflammatory 
cell counts. Thus, at least in COPD, changes in hyperresponsiveness to 
an indirect and direct airway challenge are not due to changes in actual 
airway inflammation as assessed with induced sputum. 
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The observed improvement in hyperresponsiveness after smoking 
cessation may well have been caused by other factors. For instance, 
geometric changes in the airways may be important, l ike a decrease in 
mucus hypersecretion and airway smooth muscle hypertrophy. Mucus 
hypersecretion could have diminished within 1 -year, s ince goblet 
cell hyperplasia in the central airways is lower in exsmokers than in 
smokers with mild COPD [27] .  This is also compatible with the observed 
improvements in chronic cough and sputum production when patients 
with COPD quit smoking [ 25 ; 28] .  However, lung function (FEY1%pred, 
FEY/YC and sGaw) did not improve significantly after 1 -year smoking 
cessation in our study. This might be due to irreversible parenchymal 
and peri-bronchial changes. Nevertheless, some patients may improve 
their FEY1 after smoking cessation, since the Lung Health Study [2] found 
a small improvement in FEY1 of + 5 7  mL after 1 -year smoking cessation. 
However, they investigated 5887 patients against 14 in  our group.  Thus 
this study may have had lack of power to reveal this small change. 
Another factor contributing to the improvement in AHR may be the 
interaction between smoking substances and sensory nerve endings in the 
airway wall .  Smoking can stimulate sensory nerve endings in the airway 
wall ,  which in turn release acetylcholine and tachykinins [29 ;30 ;30 ; 30] .  
These tachykinins can cause airway smooth muscle contraction and, 
additional ly, they can enhance AHR by an increase of airway wall edema, 
mucus hypersecretion, recruitment of inflammatory cells and possibly 
smooth muscle hypertrophy resulting from chronic stimulation [3 1 ] .  
When a patient quits smoking the release of  tachykinins will diminish and 
AHR may improve. Further studies have to explore the role of tachykinins 
in AHR after smoking cessation. A provocation test with bradykinine is 
an attractive option, since bradykinine is supposed to stimulate directly 
sensory nerve endings [29]. 
AMP acts mainly via the release of mast cell mediators. The observed 
improvement in AHR to the indirect stimulus AMP after smoking cessation 
might result from a decreased number or activation state of mast cells in 
the airway wall .  Indeed, Pesci et a/. [3 2 ]  showed that the number of mast 
cells in bronchial epithelium, the lamina propria and bronchoalveolar 
lavage tended be lower in bronchial biopsies of exsmokers with COPD 
than in smokers with COPD. Mast cell numbers in sputum are far too low 
for useful determination ,  thus any evaluation of a possible contribution 
was impossible in the current study. 
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Unfortunately the beneficial effects of smoking cessation in our COPD 
patients could not be compared with observations in individuals who 
were unable to quit smoking, since the medical ethics committee 
decided it unethical to re-assess individuals who relapsed after a 
smoking cessation attempt. However, it is not l ikely that the observed 
improvement in hyperresponsiveness is a spurious finding, since 
previous studies have reported that hyperresponsiveness to methacholine 
and histamine deteriorate in smokers with COPD who continue to 
smoke for 5 and 2 years, respectively [ 14 ; 26] .  Renkema et a/. [ 1 4;26] 
even showed that this was independent of the use of inhaled or oral 
corticosteroids. In addition, Lim et a/. [33]  showed that AHR to carbachol 
in "healthy" smokers deteriorated whereas in exsmokers AHR did not 
deteriorate. Thus it would have been unlikely to expect that a group of 
COPD patients who continue smoking would have shown an improvement 
in AHR. 
Consistent with observations in the Lung Health Study [2] ,  our cross­
sectional data showed that PC20 methacholine and PC20 AMP in smokers 
with COPD were positively associated with FEY1 %predicted, FEY/YC and 
sGaw. 
Intuitively, it would be expected that the degree of inflammation 
is associated with the severity of hyperresponsiveness in COPD 
patients. Indeed, other studies showed that more severe methacholine 
responsiveness was related to more inflammation in lung tissue [6; 1 7] .  
In addition, AMP responsiveness was reported to  be  associated with 
an increase in percentage of sputum eosinophils and in the number 
of CD8+ cells in bronchial biopsies from exsmokers with COPD [ 1 8] .  
In this  study we did not find a cross-sectional significant association 
between inflammation in sputum and both direct and indirect AHR. On 
the contrary, the number of sputum cells and especially neutrophils 
and epithelial cells increased 6 and 12 months after smoking cessation, 
whereas PC20 methacholine and AMP improved. Indeed, we found 
some negative correlation coefficients between changes in PC20 values 
and changes in sputum cell counts. This observation may indicate 
that sputum is  not the right representative compartment to assess an 
influence of inflammation on AHR in COPD. Results of two previous 
studies comparing bronchoalveolar lavage, sputum and airway wall 
biopsies have already suggested that sputum inflammatory assessments 
are not representative for inflammation throughout the lung [22 ; 34]. Yet 
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another interpretation of our findings is that the increase in neutrophils, 
already seen after 6 months smoking cessation, is just a reflection of 
a decrease in neutrophils in the airway wall ,  and thus sputum could 
be regarded as a "rubbish bin" in COPD. This then would suggest 
improvement of neutrophilic inflammation in the airway wall and/or lung 
tissue. Further studies using airway wall biopsies in conjunction with 
smoking cessation have to sort out whether this is indeed the case. 
Despite the lack of a control group ,  we are confident that the changes 
in sputum cells are due to smoking cessation. Sputum induction was 
only performed in stable patients. Beeh et a/. [35 ]  have shown that 
repeatabil ity of sputum samples in COPD patients was satisfactory using 
the intraclass-coefficient of variation. In addition, our own results on 
sputum repeatability using the Bland and Altman approach [24] were 
satisfactory, for example for neutrophil numbers the mean of difference 
was -1 . 2  and more than 95% of the differences of repeated measurements 
was within the range of ± 2 times the standard deviation (sd=2 . 7). 
In summary, the cross-sectional analysis in smokers with COPD showed 
that AHR to both methacholine and AMP is associated with a lower lung 
function, yet not with increased inflammatory cells in sputum. Studies 
using bronchial biopsies may give a better insight into this relationship. 
Smoking cessation remains the most beneficial therapy for COPD patients 
given its beneficial effects on respiratory symptoms and decline in FEY 1 •  
Our  study shows that 1 -year smoking cessation improves AHR to  both 
direct and indirect stimuli in COPD. This improvement was, however, 
not related to changes in lung function or sputum total and differential 
cell counts. The latter even increased after smoking cessation, which 
may simply indicate that sputum is not the right compartment to assess 
inflammation in relation to AHR in COPD. The observed improvement in 
AHR may result either from a reduced stimulation of irritant receptors, a 
decrease in mucus hypersecretion, or changes in cells in the airway wall 
and/or lung tissue yet not reflected by induced sputum. 
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Abstract 
Inflammation in the airways and lung parenchyma underlies fixed airway 
obstruction in chronic obstructive pulmonary disease. The exact role 
of smoking as promoting factor of inflammation in chronic obstructive 
pulmonary disease is not clear, partly because studies often do not 
distinguish between current and exsmokers. 
We investigated airway inflammation in sputum and bronchial biopsies 
of 34 smokers with chronic obstructive pulmonary disease (9 Global 
initiative for Chronic Obstructive Lung Disease stage 0, 9 stage I, 10 stage 
II and 6 stage III) and 26 asymptomatic smokers, and its relationship with 
past and present smoking habits and airway obstruction. 
Neutrophil percentage, interleukin-8 and eosinophilic-cationic-protein 
levels in sputum were higher in chronic obstructive pulmonary disease 
(stage 1-111) than asymptomatic smokers. Inflammatory cell numbers 
in bronchial biopsies were similar in both groups. Current smoking 
correlated positively with macrophages: in bronchial biopsies in both 
groups, and in sputum in chronic obstructive pulmonary disease. Pack­
years smoking correlated positively with biopsy macrophages only in 
chronic obstructive pulmonary disease. 
Thus, inflammatory effects of current smoking may mask the underlying 
ongoing inflammatory process pertinent to chronic obstructive 
pulmonary disease. This may have implications for future studies, which 
should avoid including mixed populations of smokers and exsmokers. 
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Introduction 
Chronic obstructive pulmonary disease (COPD) is one of the most 
important causes of death and its prevalence is still increasing [ 1 ] .  
The major risk factor in the development and progression o f  COPD i s  
cigarette smoking. COPD is characterised by  fixed airway obstruction 
and respiratory symptoms, i .e .  chronic cough, sputum production and 
dyspnoea. COPD patients have, just l ike so called healthy smokers, an 
inflammatory reaction involving the entire tracheobronchial tree [ 2 ; 3 ] .  
As  compared to  healthy nonsmokers the degree of  airway inflammation 
seems higher in COPD patients. For example, higher numbers of COB 
positive T-cells, macrophages, neutrophils, and mast cells, both in central 
and peripheral airways have been found in COPD patients, irrespective 
whether these patients were current smokers or exsmokers [4- 1 0]. In 
addition, the percentage of neutrophils and IL-B levels in sputum and 
broncho-alveolar lavage of COPD patients were higher [7; 1 1 - 1 6] .  As 
compared to healthy smokers, the differences with COPD patients are 
less clear cut. For example, higher numbers of neutrophils, macrophages 
and COB positive T-cells in the peripheral airways of COPD patients 
were found as compared to smokers [ 10 ; 1 7- 1 9] ,  whereas others did not 
[ 1 0 ; 1 9 ;20] .  Two studies showed a higher percentage of neutrophils and 
higher IL-B levels in broncho-alveolar lavage of COPD patients [ 1 3 ; 2 1 ] ,  
whereas Linden et al. found n o  differences [7] .  A few studies showed 
higher numbers of neutrophils [22 ] ,  CD3, CD4 [23]  COB positive T-
cells [23 ;24] in bronchial biopsies, whereas other studies found no 
differences in neutrophils [24]. CD3, CD4 [22 ; 24] and COB positive T-cells 
[22] , macrophages, eosinophils and mast cells [22 ;24] .  In conclusion, 
COPD patients have a higher degree of airway inflammation compared 
to nonsmokers, however it remains unclear whether this is also true 
comparing COPD patients with so called healthy smokers. 
Definite conclusions about the exact role of cigarette smoking in COPD are 
difficult to draw for a number of reasons. First, most studies investigated 
smokers combined with exsmokers. Second, many studies investigated 
COPD patients combined with patients with chronic bronchitis. Third, 
many studies investigated only one aspect of inflammation, or only one 
compartment (sputum, broncho-alveolar lavage, bronchial biopsies, 
peripheral airways), which may be insufficient to obtain a ful l  view. 
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Fourth, remodelling in COPD may itself generate and maintain an 
inflammatory process, independent of cigarette smoking [25] .  
In order to elucidate the role of smoking on inflammation in COPD we 
have investigated airway inflammation in sputum and bronchial biopsies 
of asymptomatic smokers and smokers with COPD. Furthermore, we 
assessed whether airway inflammation is related to the number of 




Subjects were recruited from the pulmonary outpatient clinic of 
the Groningen University Hospital and by advertisements in local 
newspapers. 34 smokers with COPD and 26 smokers without COPD 
were included according to the ERS criteria [26] .  Smokers with COPD 
had chronic cough and sputum production for at least 3 months for 2 
successive years, and a forced expiratory volume in one second (FEV1 )/ 
vital capacity (VC) s88% of predicted for males and s89% pred for females. 
Asymptomatic smokers without COPD had no chronic respiratory 
symptoms, and FEV/VC >88% pred for males and >89% pred for females 
and an FEV1 >85% pred. To detect respiratory symptoms to delineate the 
group of symptomatic smokers without COPD we used the questions 
about respiratory symptoms and smoking from the Dutch version of the 
British Medical Research Council's standardised questionnaire [27]. These 
data were collected by interviewing the participants at the first visit. All 
participants had to meet the following criteria: age between 45-75 years, 
minimum of 10 pack-years smoking, actual smoking 2: 1 0  cigarettes per 
day, reversibility to salbutamol < 9% of the predicted FEVI ' no use of 
inhaled or oral corticosteroids in the previous 6 months, no atopy (no 
positive skin prick test for 10 common aeroallergens and serum total IgE 
< 200 JU), no respiratory tract infection l month prior to the study. After 
inclusion, subjects were categorized according to the Global Initiative 
for Chronic Obstructive Lung Disease, GOLD stage 0-IV [28] .  GOLD stage 
0 (symptomatic smokers): 'at risk' with normal spirometry but chronic 
symptoms (cough, sputum production); GOLD stages I - IV: FEVJFVC post 
bronchodilator (post BD) < 70% and GOLD stage 1 :  FEV1 post BD 2: 80% pred; 
GOLD stage I I :  50% sFEV1 post BD < 80% pred; GOLD stage III: 30% s FEV1 
post BD <50% pred and GOLD stage IV: 30% s FEV1 post BD or FEV1<50% 
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pred plus respiratory failure. Current smoking was confirmed by urinary 
cotinine levels> 25  ng/ml. Before each measurement subjects were asked 
not to use long or short-acting B2 agonists and/or ipratropium at least 1 2  
hours before the test. The local medical ethics committee approved the 
study protocol and all subjects gave their written informed consent. 
Study Design 
All subjects visited the hospital on 5 separate days, at least one week 
apart. Lung function tests (flow-volume curves, reversibility, airway 
conductance) , airway hyperresponsiveness (AHR) to methachol ine and to 
adenosine-5 '-monophosphate (AMP), and sputum induction (twice) were 
performed and all subjects underwent bronchoscopy. 
Lung Function 
Lung function (FEY I ' FEYJYC) was measured using dry-wedge spirometry 
(Masterscope, jaeger, Breda, The Netherlands) according to standardized 
guidelines [29] .  Specific airway conductance (sGaw) was measured 
by body plethysmography (Masterscope, jaeger) . Provocation tests 
were performed with a 2 -minute tidal breathing method adapted from 
Cockcroft et a/. [30] .  After an initial nebulised saline (0.9%) challenge, 
subjects inhaled doubling concentrations,  ranging from 0.038 to 39 .2  mg/ 
ml of methacholine-bromide (Sigma Chemical Co., St Louis, MO) and from 
0.04 to 320 mg/ml of AMP (Sigma Chemical Co.) at 5-minute intervals .  
Tests were terminated when FEY1 had fallen 20% or more from its  baseline 
value (PC20). 
Sputum Induction and Sputum Processing 
Sputum was induced by inhalation of hypertonic saline aerosol and 
processed as described previously [3 1 ] .  Briefly 1 5  minutes after 
salbutamol (400 llg) i nhalation, hypertonic saline (3%, 4% and 5% w/v) was 
nebulised and inhaled for each concentration over a period of 7 minutes. 
Whole sputum samples were processed within 2 hours after termination 
of the induction. Two sputum cytospin slides were stained with May­
Griinwald-Giemsa for differential cell counts. Counting of 600 non­
squamous cells in a blinded way by one technician (B.R.) . Sputum samples 
containing > 80% of squamous cells were excluded from analysis  as 
indication of poor cytospin quality. lnterleukin 8 (IL-8) concentration was 
measured using ELISA (CLB, Amsterdam, the Netherlands) and eosinophil 
cationic protein (ECP) concentration by a fluorenzyme immunoassay 
(ImmunoCAP ECP, Pharmacia, Uppsala, Sweden). 
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Bronchoscopy and biopsy processing 
Subjects were not allowed to drink or eat at least 4 hours prior to the 
bronchoscopy. Smoking was not allowed before the bronchoscopy. 
On arrival, FEV1 was measured before and 1 5  minutes after 400 11g 
salbutamol. Hereafter subjects gargled with 5 ml of 2% l idocaine and had 
2% l idocaine sprayed on the posterior pharynx, dripped onto the vocal 
cords and into the trachea, with a maximum dose of 3 mg/kg lidocaine. 
A flexible fiberoptic bronchoscope (Olympus B1 ITlO ,  Olympus Optical, 
Tokyo, Japan) was introduced and preferably 6 bronchial biopsies were 
taken from the subcarinae of the right middle or lower lobe using a 
fenestrated cup forceps (Olympus FB-2 1 C, Olympus Optical Tokyo) [32] .  
Biopsies were collected into sterile PBS on ice.  Two biopsies were directly 
embedded in Tissue Tek (Bayer Corporation, Elkhart, Indiana, USA), snap­
frozen in liquid isopentane and stored at -80°C, 4 biopsies were fixed in 
4% paraformaldehyde, processed and embedded in paraffin. 
Serial sections were cut from the paraffin biopsies with a thickness of 
4 11m and stored at room temperature. Selection of morphological optimal 
tissue was based on a hematoxylin and eosin stained slide. Tissue 
slides were deparaffinised with xylene ( 1 5  min) and dehydrated before 
staining. Immunohistochemical staining was performed with monoclonal 
antibodies against: CD3 (A0452 ,  DAKO, Copenhagen, Denmark) CD4 (CD4-
368, Novacastra,UK),  CD8 (M7 1 03 ,  DAKO), B cells (CD20 L26, M0755 ,  
DAKO), mast cell tryptase (AA 1 ,  M7052 ,  DAKO), neutrophil elastase 
( NP57, M0752 ,  DAKO), macrophages (CD68, M081 4, DAKO) and secreted 
form of eosinophilic cationic protein EG2 (Pharmacia Diagnostics, 
Sweden). Negative controls were obtained by omission of the primary 
antibody. Slides were pre-treated with 1 mM EDTA buffer pH=8 (CD4, 
CD8), 0 . 1  mM tris-HCL buffer pH=9.0 (CD20) in the microwave for 8 or 
30 minutes respectively or with 1% protease for 30 minutes at room 
temperature (CD68, NP57, AA1 ,  EG2) .  CD3 slides were incubated overnight 
at 80°C with tris/HCL buffer pH=9.0. All stainings were performed in 
an automated system using the Dako Autostainer (DAKO, Copenhagen, 
Denmark), except for CD4 that was done manually. 
The dilutions used were: CD3 1 : 1 00 ;  CD4 1 : 2 5 ;  CD8 1 : 1 00 ;  CD68 1 : 50; EG2 
1 : 200; NE 1 :200; AAl 1 : 1 00 ;  CD20 1 :400. As detection system we used 
labelled streptavidin-biotin (LSAB+, K0690, DAKO, Copenhagen, Denmark) 
except for CD4 where the Envision system (K5007, DAKO, Copenhagen, 
Denmark) was used. 3-amino-9- Ethyl Carbazole (AEC) (K3469, DAKO, 
Copenhagen, Denmark), or Nova Red (SK4800, Vector, USA) for CD4, was 
used as a chromogen (substrate) giving a reddish-brown reaction product. 
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Hydrogen peroxide was used for blocking endogenous peroxidase and 
haematoxylin was used as a counterstain. For each antigen, all slides were 
stained simultaneously. 
For each immunohistochemical staining 2 sections of 2 different 
bronchial biopsies were quantified by computer�assisted image analysis 
at magnification of 200x (Qwin, Leica Microsystems Imaging Solutions Ltd, 
Cambridge, UK). Automated image analysis to quantify immunopositivity 
was performed using the next algorithm: first the intensity of the positive 
area (cells) was appointed in each biopsy by the observer, followed by the 
intensity of the total area of the biopsy, based on the red�green�blue (RGB) 
colour model [ 33 ; 34] .  After this, all images of the biopsy were analyzed. 
Excluded were epithelium, submucosal glands, airway smooth muscle 
tissue and damaged tissue. Afterwards, the algorithm determined the 
immuno�positive area and the measured area of the biopsy, leading to 
the percentage positive area per biopsy. A positive area was at least 
1 1 .8  11m2, to exclude false positive areas. In this manner, the total positive 
area and the total measurable area of the biopsy were quantified and 
the percentage positive area per biopsy was calculated. The smallest 
evaluable area per section (after exclusion of epithelium, submucosal 
glands, airway smooth muscles and damaged tissue) was 0.4 mm2• The 
mean percentage positive area of two biopsies was used. Measurements 
were performed in a blinded way by 2 observers (B.R. and B.W.). 
Data analysis 
Analyses were performed using SPSS for Windows 1 0.0 (SPSS Inc. ,  Chicago, 
IL). Values of p<0.05 were considered statistically significant. Clinical data 
were expressed in means (±SD) or geometric means (minimum�maximum); 
inflammatory data were expressed in medians (minimum�maximum). 
Differences between asymptomatic smokers, symptomatic smokers (GOLD 
0) and smokers with COPD (GOLD stage I, I I  and III) were analysed using 
the Kruskall-Wallis test, a non-parametric equivalent to one·way ANOVA. 
Only, when the Kruskall-Wall is  test was significant the Mann Whitney U 
test was used to analyse the differences between the 3 groups. Differences 
between GOLD stages 0, I, II, and III were analysed using the Kruskall­
Wall is test, when this test was significant the Mann Whitney U test was 
used to analyse the differences between the different GOLD stages. 
Correlations between smoking characteristics and lung function 
parameters were calculated with Pearson correlation test. Correlations 
between inflammatory cells and mediators in sputum and/or bronchial 
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Table 1 :  Clinical characteristics of participating subjects 
COPD Total COPD 
GOLD I GOLD II GOLD III GOLD 1-111  
N 9 10 6 2 5  
Age, yr 54 ± 5 .6 60 ± 5 .7U 56 ±4 .9t,& 57 ± 5.9* 
Gender, M/F 3/6 8/2 5/1 1 6/9 
Pack years, years 35 ± 14.7 39 ± 9.0& 43 ± 1 2 .9t& 38 ± 1 2 . 1 *  
Cigarettes, number /day 23 ± 8.0 22 ± 7.0 2 2  ± 1 0.3 2 2  ± 7.9 
FEV1 post BD, %pred. 92 ± 8 70 ± 9&. 1 42 ± 6.6tU.@ 70 ± 2 1  * 
FEV/FVC post BD, % 65 ± 3& 56 ± 71"" 44 ± 6 .3t&.#,l'> 58 ± 9.6* 
sGaw, 1/(kPa.s) 1 . 1 ± 0.4 0 .48 ± 0.23&,# 0 .36 ± 0.09t&.l. 0.68 ± 0.4w 
PC20 AMP, mg/ml 34 ( 1 . 1 -640) 16 ( 1 .9-640) & 0.36 (0.02-4.4)f&.#.P 1 3  (0.02-640)' 
PC20 Mch, mg/ml 5 (0.9-78.2) 1 .5 (0.1 2-78.2 ) &  0.20 (0.02- l .?):j:&,#,li!> 1 . 5  (0.02-78.4) 
Values are expressed in means ± SD. PC20 AMP and PCz0 MCh are expressed in geometric 
mean (range). M=male, F=female; sGaw= specific airway conductance; PC2aAMP = provocative 
concentration of adenosine monophosphate causing a 20% fall in FEV1 ; PC20Mch = provocative 
concentration of methacholine causing a 20% fall in FEV1; post BD= post bronchodilator (1 5 
minutes after 400 pg salbutamol). • p<0. 05 total COPD (stage /-III) versus asymptomatic smokers 
I GOLD stage 0, Mann-Whitney-U test, t p<0. 05 versus asymptomatic smokers, Mann-Whitney-U 
test, :f: p<0. 05 stage 0, stage I, stage II and stage Ill, Kruskali-Wallis test. & p<0.05 versus GOLD 0. # 
p<0. 05 versus GOLD I. @ p<0.05 versus GOLD II. 
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biopsies and smoking characteristics or lung function parameters were 
calculated with Spearman's rank correlation test. The subjects with GOLD 
stages I-II I were used to investigate the correlations in COPD patients. 
Results 
Asymptomatic smokers versus smokers with GOLD stage 0-III 
The 34 smokers with COPD were categorised into GOLD stage 0 
'symptomatic smokers' (n=9), GOLD stage I (n=9), stage I I  (n=lO) and 
stage I I I  (n=6); none of the patients fulfilled the criteria for GOLD stage IV. 
The clinical characteristics of all subjects are presented in (table l ) .  
Symptomatic smokers (GOLD stage 0 )  had significantly decreased 
lung function and more severe hyperresponsiveness to AMP than 
asymptomatic smokers. COPD patients in GOLD stages I-I I I  were older, 
had significantly more pack-years smoking, lower airway conductance 
and more severe hyperresponsiveness to AMP and methacholine than 
asymptomatic and symptomatic (GOLD 0) smokers. 
Sputum 
Two asymptomatic smokers could not produce sputum. The median 
(range) percentage non-squamous cells was 94 (75-99)% in COPD patients 
and 88 (64-99)% in asymptomatic smokers (table 2) .  Symptomatic 
smokers (GOLD 0) had higher percentage of sputum neutrophils 
than asymptomatic smokers. Smokers with COPD (GOLD stage 1-11 1)  
had higher percentage of neutrophils, IL-8 and ECP levels in sputum 
• 
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Table 2: Sputum inflammation in smokers with COPD, symptomatic smokers and asymptomatic 
smokers 
COPD Symptomatic smokers Asymptomatic smokers 
GOLD I-I I I GOLD 0 
Sputum, n 2 5  9 24 
Volume, ml 4 . 1  (0. 7-14.3) 3.1 (0.3-1 0.0) 2 .3  (0.6-1 0.8)* 
Total cells, 1 06 6. 7 ( 1 .4-54.5) 4 . 1  ( l . l - 1 5 .3) 3.5 (0.2-23)* 
Cell cone., 103/ml 1 507 (484-9620) 2 1 34 (5 34-4146) 1445 (303-4592) 
Nonsquamous cells, 96 94 (75-99. 7) 92 (81 -96) 88 (64-99.5) 
Eosinophils, 103 /ml 1 5  (0-1 06) 20 (0- 1 3 5 ) 1 3  (0-235) 
96 1 .4  (0-4.0) 1 .8 (0·4 . 1 )  0 . 8  (0·1 2 .6) 
Neutrophils, 1 03 /ml 870 (235 -7608) 1 5 75 (434-2 558) 661 ( 1 64-2856) 
96 72.6 (45-89) 66 (39-8 1) 60 .1  ( 3 1 .5-92.6)* t 
Macrophages, 103/ml 407 (89-261 5) 535  (89-2422) 568 (22·1488) 
96 2 5 .4 (8.2-52 .7) 28 .7 ( 1 6.6-58.4) 36  (6.5-62.4)* 
Lymphocytes , 103/ml 14 (0-77) 1 5  (0-62) 1 1  ( 1 -16 1 )  
96 0.8 (0. 1 -4) 0.8 (0.4- 1 .6) 0.7 (0. 1 ·3.8) 
Epithelial cells ,  1 03/ml 10 (0-1 07) 0.4 (0-84) 10 (0-5 5 ) 
96 0.5 (0-l l )  0 .5  (0-2 .5)  0.8 (0-6.6) 
Basophils, 1 03/ml 0 (0-4) 0 (0-1 2) 0 (0-8) 
96 0 (0-0. 1 )  0 (0-0.3) 0 (0-0.3) 
IL·8, ng/ml 16.8 (2 . 1 - 1 6 1 )t 8 .7  (0. 1 -25 .7) 5 .3  (0-25)* 
ECP, ug/L 1 5 7  (32-2700) 1 1 9.8 ( 13 . 3-238) 66 (4.7- 1 282)* 
Values expressed in median (range). Abbreviations: cell cone.= cell concentration; IL-8= interleukin-
8; ECP= eosinophilic cationic protein. 
* p<0.05 asymptomatic smokers versus total COPD (I-III), Mann· Whitney -U test, t p<0.05 versus 
GOLD stage 0, Mann-Whitney-U test. 
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than asymptomatic smokers, and higher IL-8 levels in sputum than 
symptomatic smokers. The percentage of macrophages was lower (table 
2) .  In the separate GOLD stages, GOLD stage I I  had a higher percentage of 
sputum neutrophils compared with the asymptomatic smokers (70% and 
60%, respectively) and higher IL-8 and ECP levels in sputum than GOLD 
stage 0 and I (2 1 .4 ng/mL versus 8.7 and 8.5 ng/mL respectively, and 29 1  
pg/L versus 1 20 and 99  pg/L, respectively). GOLD stage I l l  had higher 
levels of IL-8 than GOLD stage 0 (27 .7  ng/mL and 8.7 ng/mL, respectively) 
and lower ECP levels than GOLD stage I I  (87 p/L versus 29 1  pg/L). 
Bronchial biopsies 
Bronchial biopsies could not be collected or were of insuffic ient quality 
in 2 asymptomatic smokers, in 1 subject GOLD stage 0, and in 6 COPD 
patients. The percentage positive area of inflammatory cells in bronchial 
biopsies (CD3, CD4, CD8, CD20, neutrophils, macrophages, eosinophils 
and mast cells) did not differ between COPD (GOLD 1-111) ,  symptomatic 
smokers (GOLD 0) and asymptomatic smokers (table 3). Only COPD 
patients with GOLD stage I I  had a higher percentage positive CD3 area 
than asymptomatic smokers ( 1 .84 (0.24-9.24) and 0 .76 (0 . 1 7-2.4), 
respectively). 
Correlations of lung function with smoking and airway inflammation 
FEV1 post BD (% predicted) correlated negatively with the number of pack­
years smoking (r=-0 .5 1 ,  p=0.03) in COPD, but not s ignificantly with the 
number of cigarettes smoked per day. 
FEV1 post BD correlated negatively with IL-8 levels in sputum and 
positively with macrophages in sputum and mast cells in bronchial 
biopsies of patients with COPD (table 4). The latter correlation was mainly 
caused by 4 patients with low mast cell positive areas. In asymptomatic 
smokers, no significant correlations were found between lung function 
and airway inflammation (table 4). 
AHR did not correlate with number of cigarettes smoked per day, number 
of pack-years smoking or airway inflammation in sputum or bronchial 
biopsies in both asymptomatic smokers and COPD patients (data partially 
presented and discussed earlier: Willemse et a/. , [3 5]) .  
Correlations of current smoking with airway inflammation 
The number of cigarettes smoked per day correlated negatively with 
neutrophils and positively with macrophages in sputum, which was 
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Table 3: Inflammation in bronchial biopsies from smokers with COPD and asymptomatic smokers 
Total COPD Symptomatic Asymptomatic smokers smokers 
GOLD I-III GOLD 0 
Biopsies, n 1 9  8 24 
CD3, %positive area 1 .05 (0.2 -9.24) 0.68 (0. 19 - 1 .  7) 0.76 (0. 1 7-2 .4) 
CD4, %positive area 0.04 1 (0.01 -0.5 7) 0.073 (0-0. 1 8) 0.04 (0-0 . 1 5 )  
CD8, %positive area 0.27 (0.03-2 .55 )  0. 1 9  (0.02- 1 . 53)  0.33 (0.3 -1 .25)  
CD4/CD8 ratio 0 . 19  (0. 1 -4.4) 0.39 (0.04-1 .2) 0. 1 8  (0-0 .91 )  
CD20,  %positive area 0.003 (0-3 .40) 0.003 (0-0.23)  0.005 (0-0 . 1 2) 
NP57, %positive area 0.025 (0-0 . 1 3) 0.05 (0-0.23) 0.02 1 (0-0.36) 
CD68, %positive area 0.03 5 (0-0.2 1)  0.056 (0-0. 16) 0.04 1 (0-0.32)  
EG2 ,  %positive area 0.02 1 (0-0.3 1 )  0.049 (0-0. 1 5) 0.063 (0-0.59) 
AA1 , %positive area 0 . 1 5  (0.0 1 -0.9 1 )  0 . 22  (0-0.4 1)  0.22 (0. 1 - 1 . 1 6) 
Values expressed in median (range). Abbreviations: CD20 = B-cell marker, 
NP57= neutrophil elastase, CD68=macrophages, EG2= eosinophils, M l =  mast cell tryptase. 
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Table 4: Spearman's rank correlations between current smoking and airway obstruction and 
airway inflammation. 
COPD GOLD I-III Asymptomatic smokers (n=26) (n=19) 
rho p-value rho p-value 
Cigarettes/day 
Neutrophils sputum, % -0.46 0.02 -0.24 NS 
Macrophages sputum, % 0.44 0.027 0 .35  0.095 
Eosinophils sputum, % -0. 1 9  NS -0.39 0.057 
Eosinophils sputum, 1 06/ml -0. 1 1  NS -0.44 0.029 
CD68 biopsy, % pos. area 0.69 0.002 0.46 0.029 
EG2 biopsy, % pos. area -0.79 0.001 0.02 NS 
Pack-years smoking 
CD68 biopsy, %pos. area 0.48 0.043 0.2 1 NS 
FEV1 post BD, %pred. 
Neutrophils sputum, % -0. 3 1  NS 0. 1 5  NS 
Macrophages sputum, % 0.41 0.046 -0.22 NS 
IL-8 sputum, ng/ml -0.54 0 .007 0 . 1 5  NS 
CD68 biopsy, %pos. area 0.33 NS 0 . 18  NS 
AA1 biopsy, %pos. area 0 . 53  0.02 0.09 NS 
CD68= macrophages; EG2= eosinophils; % pos. area = percentage positive area; FEVl= forced 
expiratory volume in one second; post BD= post bronchodilator (1 5 minutes after 400 f.Jg 
salbutamol); IL-8= interleukin 8; M l =  mast cells; NS= not significant 
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significant in COPD (table 4, figure l). The number of cigarettes smoked 
per day correlated positively with macrophages in bronchial biopsies, in 
both groups (table 4, figure 2) .  In asymptomatic smokers, the number of 
cigarettes per day correlated negatively with the number and percentage 
of eosinophils in sputum. In COPD the number of cigarettes smoked per 
day correlated negatively with eosinophil area in bronchial biopsies 
(table 4). 
Correlations of pack-years smoking with airway inflammation 
In COPD patients, pack-years smoking was positively correlated with the 
macrophage percentage positive area (table 4). Otherwise no significant 
correlations were found. 
Discussion 
This study shows that asymptomatic smokers, symptomatic smokers 
(GOLD stage 0), and smoking patients with COPD have a large overlap in 
inflammation as assessed in sputum and airway wall biopsies. Patients 
with stage GOLD I-III had a higher percentage of neutrophils, and higher 
ECP and IL-8 levels in sputum than asymptomatic smokers, and higher IL-
8 levels than symptomatic smokers. In symptomatic smokers percentage 
sputum neutrophils were higher than in asymptomatic smokers. 
Whereas current smoking was associated with higher numbers of 
inflammatory cells in both asymptomatic smokers and COPD patients, 
pack-years smoking was only associated with higher airway wall 
macrophages in COPD and to the severity of airway obstruction. 
More severe airway obstruction in its turn was associated with lower 
percentage of sputum macrophages in smokers with COPD. Thus, the 
small difference in airway inflammation found between smokers with 
and without COPD may be due to the interference of current cigarette 
smoking. 
This study demonstrates that a higher number of daily smoked cigarettes 
is associated with a higher percentage of macrophages in bronchial 
biopsies and sputum, both in smokers with COPD and asymptomatic 
smokers. In addition, eosinophils and neutrophils in sputum were 
negatively correlated to current smoking. Only few studies have provided 
data on correlations between airway inflammation and current smoking 
since smokers and exsmokers were generally investigated together as one 
group.  Two studies reported a positive correlation between neutrophils 
current smoking and airway inflammation in COPD 
Figure 1 :  Spearman's rank 
correlation: Cigarettes 
smoked per day and 
percentage macrophages in 
induced sputum. COPD 
( •.--): rho=0.44 p=0. 03 
and asymptomatic smokers 
( O , - - - -): rho=0. 35 p=O. l .  
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Figure 2: Spearman's rank 
correlation: Cigarettes 
smoked per day and 
percentage of macrophages 
in biopsies. COPD ( •.--): 
rho=0.69 p=0. 002 and 
asymptomatic smokers 
( o ,  - - - -): rho=0.4 6  p=0.03. 
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in bronchoalveolar lavage and the number of cigarettes smoked per day 
when asymptomatic smokers, chronic bronchitis patients and COPD 
patients were analysed together [7; 1 3] .  One study in asymptomatic 
smokers reported that the number of cigarettes smoked per day 
correlated positively with macrophages and lL-8 levels in bronchoalveolar 
lavage [36] .  Macrophages in the central airways of smokers with and 
without COPD may be a direct inflammatory reflection of current 
smoking. On the other hand, it  is not l ikely that current smoking is the 
only factor responsible for the accumulation of macrophages, since they 
are also increased in bronchial biopsies of exsmokers with COPD [37] .  
Furthermore, we show that not only current smoking but also a higher 
number of pack-years smoking is associated with higher number of 
macrophages in COPD. This suggests that effects of current smoking are 
superimposed upon the underlying macrophage infiltration, which is 
part of the ongoing inflammatory process in COPD. This is important to 
realise when investigating the inflammatory and remodelling processes 
in smokers and exsmokers with or without COPD. We therefore strongly 
suggest to avoid including mixed populations of smokers and exsmokers 
in future studies on inflammatory processes in COPD 
Current smoking was negatively related to eosinophils, i .e. the more 
cigarettes smoked per day the fewer eosinophils were present in 
sputum of asymptomatic smokers and in bronchial biopsies of patients 
with COPD. It may be that smoking has an anti-inflammatory effect 
on eosinophils or may influence cell kinetics. It has been suggested 
that carbon monoxide (CO) present in cigarette smoke has an anti­
inflammatory potential [38 ; 39] ,  at least with respect to certain cell 
types and/or subsets. The extent and relevance of this supposed anti­
inflammatory effect in humans remains to be established, but in guinea 
pigs i t  has been shown that acute cigarette smoke exposure suppresses 
the number of eosinophils after 6, 1 2  and 24 hours [40] . This may 
indicate that even the cigarettes smoked 24 hours before sputum 
induction or bronchoscopy could have induced this inverse relationship 
between current smoking and eosinophilic inflammation, since our 
partic ipants refrained from smoking for 8 hours before the bronchoscopy. 
Nevertheless, it is well known that repetitive smoking for several years 
causes extensive damaging effects, indicating that the long-term overall 
effects of cigarette smoke dominate the anti-inflammatory effects. 
6 current smoking and airway inflammation in COPD 
Macrophages in bronchial b iopsies of smokers with COPD were positively 
associated with pack-years smoking. No other relationships between 
pack-years smoking and airway inflammation were found in our study. 
This is  in agreement with previous studies which either did not find 
any correlations [4 1 ]  or did not investigate this [ 1 1 ; 1 5 ;42] .  Only Lams et 
a/. [24] reported a positive correlation between CDS+ cells in bronchial 
biopsies and pack-years smoking and a negative correlation between 
neutrophils in bronchial b iopsies and pack-years smoking, when all 
smokers (COPD and asymptomatic smokers) were analysed. In broncho­
alveolar lavage percentage neutrophils was positively associated with 
pack-years smoking when all smokers and exsmokers with and without 
COPD were analysed together [7 ; 1 3] .  
One would expect that in COPD patients inflammatory markers would 
be more related to pack-years smoking instead of the number of 
cigarettes smoked per day. However, only macrophages in bronchial 
biopsies showed a positive correlation with pack-years smoking whereas 
macrophages, eosinophils and neutrophils were related to the number 
of cigarettes smoked. This may indicate that some of the inflammation 
due to cumulative smoke exposition is overruled by inflammation caused 
by current smoking. Neutrophils  and eosinophils are "fast moving, or 
transient" inflammatory cells, whereas macrophages remain much longer 
in the lung tissue. This stresses the importance of macrophages in the 
development and progression of COPD. 
This study shows that the percentage of neutrophils in sputum is higher 
in smokers with COPD (median 72 .6%) than in asymptomatic smokers 
(median 60. 1%), especially in GOLD stage II. This is completely in l ine 
with results of previous studies, which showed that smokers with 
moderate to severe COPD had higher total cell numbers and percentages 
of neutrophils in sputum than asymptomatic smokers [ 1 1 ; 1 5 ;42] .  Thus 
our finding suggests that this aspect of inflammation is associated with 
disease severity. 
In symptomatic smokers (GOLD stage 0) the percentage of neutrophils 
in sputum was higher than in asymptomatic smokers, but similar to 
COPD patients. This has not been investigated in  induced sputum before, 
however in broncho-alveolar lavage neutrophils show the same pattern 
[ 1 2] .  No other differences were found in airway inflammation between 
symptomatic smokers and asymptomatic smokers. This is in contrast 
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to the study of Sun et al [43] .  who investigated smokers with chronic 
bronchitis and found not only an increased number of neutrophils in 
bronchoalveolar lavage, but also increased eosinophils, mast-cells, CD4 
positive and CDS positive T cells compared to "healthy" smokers. This 
suggests that chronic bronchitis is better reflected by bronchoalveolar 
lavage than by induced sputum or bronchial biopsies. 
In the present study, IL-8 levels in sputum were significantly higher in 
smokers with COPD than in asymptomatic and symptomatic smokers. 
In addition, higher IL-8 levels strongly correlated with more severe 
airway obstruction in smokers with COPD. This is in line with the 
data of Keatings et al. who showed that both IL-8 and percentage of 
neutrophils in sputum were increased in patients with moderate COPD as 
compared to asymptomatic smokers [ 1 5] .  This may suggest that IL-8, a 
chemoattractant of neutrophils and an activator of MMP-9, plays a role in 
the development of airway obstruction. Alternatively, this may reflect the 
airway obstruction present. 
Inflammatory cell density in bronchial biopsies did not significantly differ 
between smokers with COPD (GOLD 1-111) ,  asymptomatic smokers and 
symptomatic smokers. Only CD3 percentage positive areas in bronchial 
biopsies were higher in smokers with COPD stage II than in asymptomatic 
smokers. In agreement with our findings, other studies [24;4 1 ]  
investigating smokers with and without COPD, found n o  differences i n  
neutrophils, macrophages, eosinophils, CD4 positive cells o r  CD4/CD8 
ratio in bronchial biopsies. In contrast, one previous study demonstrated 
a higher number of CD8+ cells in smokers with predominantly moderate 
COPD compared to asymptomatic smokers [24]. In addition, two other 
studies demonstrated that CD3+ and CD8+ cell numbers were lower 
and macrophages and neutrophils were higher in smokers with severe 
COPD [22 ;4 1 ] .  It may thus well be that differences between smokers 
with and without COPD become only apparent in case of severe COPD. 
Unfortunately the number of patients with evaluable biopsies was too 
small in our study population (n=4) to investigate whether this indeed is 
the case. 
A factor that should be taken into consideration is the age difference 
between the COPD patients and asymptomatic smokers under study. 
Previous studies investigated younger (mean age 3 5  years) asymptomatic 
smokers than our participants (mean age 50 years) [ 1 1 ; 1 5 ;42] .  The 
6 current smoking and airway inflammation in COPD 
composition of sputum may differ between older and younger healthy 
subjects, as shown in bronchoalveolar lavage where the number of total 
cells and neutrophils increase with age [44]. Since we investigated COPD 
patients and asymptomatic smokers of almost similar age, our data are 
not hampered by age differences. 
Conclusions 
Smoking COPD patients with GOLD stage 1-111 had almost simi lar airway 
wall and sputum inflammation as asymptomatic and symptomatic 
smokers without airway obstruction. Current smoking was associated 
with airway inflammation in patients with COPD and in asymptomatic 
smokers, whereas this was not the case for the cumulative pack-years 
smoked. In contrast, cumulative pack-years smoking was associated 
with the level of airway obstruction in COPD, suggesting that cumulative 
smoking induces chronic inflammation with subsequent sequelae of 
airway obstruction. Our results indicate that inflammatory effects of 
current smoking may mask findings of chronic inflammation in COPD, 
since numbers of inflammatory cells in bronchial biopsies and sputum are 
comparable in smokers with mild COPD and asymptomatic smokers. 
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Abstract 
Smoking cessation is the only treatment in patients with chronic 
obstructive pulmonary disease (COPD) effective in slowing down disease 
progression. Its effect on airway inflammation in COPD is unknown, 
although cross-sectional studies suggest ongoing inflammation in 
exsmokers. 
In order to elucidate the effect of smoking cessation on airway 
inflammation, 28  smokers with COPD (mean age 55  years, Forced 
Expiratory Volume in one second 7 1%  predicted) and 2 5  asymptomatic 
smokers with normal lung function (age 50 years) were included into a 
1 -year smoking cessation program. Effects of smoking cessation on 
airway inflammation were investigated in bronchial biopsies (baseline, 
12 months) and sputum samples (baseline, 2 ,  6,  12 months). 
In the 1 2  successful quitters with COPD, airway inflammation persisted in 
bronchial biopsies while the number of sputum neutrophils, lymphocytes, 
interleukin-8 and eosinophilic-cationic-protein levels significantly 
increased at 1 2  months. In the 1 6  asymptomatic smokers who 
successfully quitted, inflammation significantly reduced, i .e. number of 
sputum macrophages, percentage of eosinophils and interleukin-8 levels, 
or did not change . 
We suggest that the observed persistent airway inflammation in patients 
with COPD is related to repair of tissue damage in the airways. It remains 
to be elucidated whether this reflects a beneficial or detrimental effect . 
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Introduction 
Smoking is the main risk factor in the development of chronic obstructive 
pulmonary disease (COPD), which is characterised by chronic respiratory 
symptoms and airway obstruction. Pathological changes in the lungs are 
increased inflammation, fibrosis of the airway wal l ,  and destruction of 
alveolar attachments. COPD is one of the most important causes of death 
and its prevalence is still increasing [ 1 ] .  Until now smoking cessation 
is the only treatment effective in slowing down the accelerated decline 
in  forced expiratory volume in  one second (FEY 1) and thus progression 
of the disease. However, the exact role of smoking cessation on airway 
inflammation in COPD is sti l l  unknown [2] .  
A few cross-sectional studies have investigated effects of smoking 
cessation by comparing smokers and exsmokers with COPD. Airway 
inflammation in bronchial biopsies and sputum did not differ between 
smokers and exsmokers, except for some cytokines (Interleukin (IL)· 8, 
IL-6, soluble Tumor Necrosis Factor-Receptor (sTNF-R)75 and sTNF·RS 5) 
[3 ·8] .  Furthermore, Rutgers et a/ showed that airway inflammation was 
more extensive in exsmokers with COPD than in healthy exsmokers [9] . 
Together these cross-sectional studies suggest that there is ongoing 
inflammation in COPD after smoking cessation. However, longitudinal 
studies are not available to confirm these cross-sectional findings. 
In asymptomatic smokers, longitudinal studies investigating sputum and 
bronchoalveolar lavage fluid,  showed that airway inflammation decreased 
after smoking cessation, e.g. the number of macrophages and neutrophils 
[ 1 0- 1 6] .  This suggests that the inflammatory changes in the airways due 
to smoking are reversible in smokers without COPD. It remains to be 
established what exactly occurs in the airway wal ls and lung parenchyma 
after smoking cessation. 
In order to investigate the effect of smoking cessation on airway 
inflammation into more detail in  smokers with COPD and asymptomatic 
smokers with normal lung function, we conducted a 1 -year smoking 
cessation program. Before, during and after this program we collected 
sputum samples in the subjects who successfully quit smoking. In 
addition, bronchial biopsies were collected before and one year after 
smoking cessation. 
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Methods 
Subjects 
Subjects were recruited from the pulmonary outpatient clinic of the 
University Medical Centre Groningen and by advertisements in local 
newspapers from September 1 998 until December 2000. We included 63 
participants into our study. COPD patients were included according to 
the ERS criteria [ 1 7] .  At the analysis our participants were re-categorised 
according to the more recent ATS-ERS guidelines [ 1 8] .  This resulted in 
three groups of individuals. 1) COPD. According to these guidelines 
COPD is present when an FEY/FYC post bronchodilator <0.7  exists. The 
severity of COPD is based on FEY1 %predicted post bronchodilator; e.g. 
"' 80% is mild COPD, "'50-<80 % is moderate COPD, "'30-<50% is severe 
COPD and <30% is very severe COPD. All COPD patients thus included had 
chronic respiratory symptoms, i .e .  chronic cough and sputum production 
for at least 3 months for 2 successive years. 2) smokers with chronic 
bronchitis. Smokers with chronic respiratory symptoms and without 
airflow l imitation, i .e .  "at risk" to develop COPD according to the ATS-ERS 
criteria. 3) asymptomatic smokers. A group of individuals without chronic 
respiratory symptoms or airway obstruction, and an FEY1 "'85% predicted; 
they belong to the "at risk" group too. Since we felt that symptomatic and 
asymptomatic smokers with normal lung function are different groups of 
smokers, we analysed them separately. 
All participants met the following criteria: age between 45 -75 years, > 1 0  
pack-years smoking, actual smoking "' 1 0  cigarettes per day, reversibility 
to salbutamol< 9% of the predicted FEY1 , no use of inhaled or oral 
corticosteroids in the previous 6 months, no signs of atopy (no positive 
skin prick test for 1 0  common aeroallergens and serum total IgE < 200 
IU), no respiratory tract infections 1 month prior to the study. During 
the study patients only used long-acting or short-acting B2-agonist or 
ipratropium on regular basis; inhaled corticosteroids were not used. Only 
in case of an exacerbation, a short course of oral corticosteroids was 
allowed. 
The local medical ethics committee approved the study protocol and all 
subjects gave their written informed consent. 
Study Design 
All subjects underwent lung function tests, blood gas analysis, sputum 
induction and bronchoscopy before entering the 1 -year smoking cessation 
behavioral program . Lung function tests and sputum induction were 
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repeated after 2 ,  6 and 1 2  months smoking cessation. Bronchoscopy was 
repeated in patients who successfully quit smoking for 1 year. Before 
each measurement, subjects were asked not to use long or short-acting 
B2-agonists and/or ipratropium at least 1 2  hours before the test. They did 
not suffer from a respiratory tract infection nor used oral corticosteroids 
in the month prior to any of the measurements. 
Smoking cessation program 
The smoking cessation behavioral program consisted of an intensive 
group orientated course for 3 months, followed by 5 meetings 
throughout the rest of the year. If necessary, nicotine replacements were 
administered during the first 3 months, no bupropion or anti-depressants 
were prescribed. Measuring cotinine levels in urine verified smoking 
cessation before, 2, 6 and 1 2  months after smoking cessation. A quitter 
was defined as someone who refrained from smoking for at least 1 year, 
with negative cotinine levels (i .e. <25 ng/ml) at 2 ,  6 and 1 2  months after 
smoking cessation. 
Lung Function 
Lung function (FEV1 , FEV/VC) was measured using dry wedge spirometry 
(Masterscope, jaeger, Breda, The Netherlands) according to standardised 
guidelines [ 1 9] .  Bronchodilator responsiveness to 400 pg salbutamol 
was measured and post bronchodilator values were used. Specific airway 
conductance (sGaw), total lung capacity (TLC) and residual volume (RV) 
were measured by body plethysmography (Masterscope, jaeger) . Carbon 
monoxide transfer factor (TLco> was assessed by the single breath method 
using standard equipment (Masterscope, jaeger). 
Sputum induction and processing 
Sputum was induced by inhalation of hypertonic saline and processed 
as described previously [20]. Sputum samples containing > 80% of 
squamous cells were excluded from analysis because of poor cytospin 
quali ty. Sputum cytospin slides were stained with May-GrOnwald-Giemsa 
for differential cell counts, which were performed by one observer (B.R.) . 
Data on reproducibil ity have been reported previously [2 1 ] .  Interleukin 
8 (IL-8) concentration was measured using ELISA (CLB, Amsterdam, the 
Netherlands) and eosinophil cationic protein (ECP) concentration was 
detected using a fluor-enzyme immunoassay (lmmunoCAP ECP, Pharmacia, 
Uppsala, Sweden). 
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Bronchoscopy and biopsy processing 
Bronchial biopsies were taken from the subcarinae of the right middle or 
lower lobe as described previously [22]. Two biopsies were directly snap­
frozen and four biopsies were embedded in paraffin. 
From the paraffin biopsies serial sections were cut with a thickness 
of 4 J..lm and stored at room temperature. Selection of morphological 
optimal tissue was based on a hematoxylin and eosin (HE) stained slide. 
Tissue slides were deparaffinised with xylene ( 1 5  min) and dehydrated 
before staining. Immunohistochemical staining was performed with 
monoclonal antibodies against: CD3 (A0452 ,  DAKO, Copenhagen, 
Denmark), CD4 (CD4-368, Novocastra,UK), CD8 (M7103 ,  DAKO), B cells 
(CD20, L26, M075 5 ,  DAKO), mast cell tryptase (AA1 ,  M7052 ,  DAKO), 
neutrophil elastase (NP5 7, M0752 ,  DAKO), macrophages (CD68, M08 14,  
DAKO), secreted form of eosinophilic cationic protein EG2 (Pharmacia 
Diagnostics, Sweden), granzyme B (Mon7029, Monosan, The Netherlands), 
T-cell intracellular antigen- 1 (Tia- 1 ,  PN IM 2 5 50,  Immunotech, France). 
Negative controls were obtained by omission of the primary antibody. 
Slides were pre-treated with 1 mM EDTA buffer pH=8 (CD4, CD8), 1 0  mM 
citrate buffer pH=6 (granzyme B), 0 . 1 mM tris-HCL buffer pH=9.0 (CD20) in 
the microwave for 8, 8 or 30 minutes respectively or with 1% protease for 
30 minutes at room temperature (CD68, NP57,  AA1 ,  EG2). CD3 slides were 
incubated overnight at 80°C with tris/HCL buffer pH=9.0. Slides stained 
with Tia-1 were not pre-treated. All stainings except CD4 were performed 
automatically using the Dako Autostainer (DAKO, Copenhagen, Denmark). 
CD4 was done manual ly. Pre-incubation with hydrogen peroxide 0 .3% was 
used for blocking endogenous peroxidase. 
The dilutions used were CD3 1 : 1 00; CD4 1 : 2 5 ;  CDS 1 : 1 00; CD68 1 : 50 ;  EG2 
1 : 200; NE 1 : 200; AA1 1 : 1 00 ;  CD20 1 :400; granzyme B 1 : 5 ;  Tia- 1 1 : 500. As 
detection system LSAB+ (K0690, DAKO) was used, except for CD4 where 
the Envision detection system was used (K5007, DAKO). 3 -Amino-9- Ethyl 
Carbazole (AEC) (K3469, DAKO) or for CD4 Nova Red (SK4800, Vector, USA) 
were used as a chromogen (substrate) giving a reddish-brown reaction 
product. Haematoxylin was used as a counterstain. 
The frozen biopsies were used to investigate expression of vascular 
adhesion molecules. Serial sections were cut with a thickness of 4 J..lm 
and stored at -20"C until use. Selection of morphological optimal tissue 
was based on a hematoxylin and eosin (HE) stained slide. 
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Before immunostaining the sections were dried and fixed in acetone for 
1 0  minutes and washed in PBS. Double immunostaining was performed to 
visualise all vessels using monoclonal antibody against CD3 l  (M0N l l 42 ,  
Monosan), which is present on al l  endothelial ce l ls  in combination with 
monoclonal antibody against the adhesion molecules: intercellular 
adhesion molecule ICAM·l  (anti·CD54, Novocastra, UK), vascular cell 
adhesion molecule VCAM (C01 06, Genzyme, USA), P-selectin (CD62P, 
BD, USA), and E-selectin (CD62E, Genzyme). The concentration used 
were: !CAM 1 :800, VCAM 1 : 1 000, P-selectin 1 : 2 500 and E-selectin 1 : 700. 
Labeling of anti-CD3 l  was performed by isotype specific biotinylated 
goat anti-mouse immunoglobulins and subsequently by streptavidin 
conjugated to alkaline phosphatase, providing a blue reaction product 
using Fast Blue BB salt as a chromogen. Labelling of the adhesion 
antibodies was performed by isotype-specific goat anti-mouse antibody 
conjugated to peroxidase, using AEC as a reagent, giving a reddish brown 
reaction. 
For each immunohistochemical staining, except for granzyme B and 
vascular adhesions molecules, sections from 2 bronchial biopsies were 
quantified by computer-assisted image analysis at magnification of 
200x (Qwin, Leica Microsystems Imaging Solutions Ltd, Cambridge, UK). 
Automated image analysis to quantify immunopositivity used the next 
algorithm: first the intensity of the positive area (cells) was appointed in 
each biopsy by the observer, followed by the intensity of the total area 
of the biopsy, based on the red-green-blue (RGB) colour model. After 
this, all images of the biopsy were analysed; excluded were epithelium, 
submucosal glands, airway smooth muscle and damaged tissue. 
Afterwards, the algorithm analysed the positive area and the measurable 
area of the biopsy leading to the percentage positive area per biopsy. 
A positive area was minimal 1 1 .8 11m2, to exclude false positive areas . 
The minimal measurable area was 0.4 mm2• The mean percentage 
positive area of two biopsies was used. Measurements were performed 
in a blinded way by one observer (B.R. or B.W.). Part of the biopsies were 
studied by both observers to determine inter-observer reproducibility, 
using Bland and Altman analysis [23] ,  showing good agreement between 
the two observers (mean difference 0 .01  ± 0.07). Intra-observer 
reproducibility of the cellular parameters showed a mean difference 
ranging from 0.008 for EG2 to 0.09 for CD8 measurements. 
In addition, 95% of the differences of repeated measurements 
were between ± 2 SO of the mean of differences and thus the 
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reproducibility of inflammatory cells and markers was satisfactory in this 
respect. 
Quantification of granzyme B was performed using morphometric 
measurements with a light microscope (Olympus BX40, Olympus, 
Japan) connected to a camera linked to a computerised image system 
(Research Assistant v4, RVC, Soest, The Netherlands) to measure the 
total measurable area (excluding epithelium, submucosal glands, airway 
smooth muscle tissue and damaged tissue). The number of granzyme B 
cells was counted in each biopsy using light microscope (Olympus BX40), 
at magnitude 200x in a blinded manner by one observer. The mean of 2 
bronchial biopsies was used to calculate the number of positive cells/mm2• 
The vascular adhesion molecules were counted using a light microscope 
(Olympus BX40,  Olympus, Japan) at magnitude 400x. All vessels in one 
section were scored positive or negative for immunopositivity for an 
adhesion molecule and expressed as a percentage of the total number 
CD3 1 positive vessels. At least 20 vessels were counted. 
Data analysis 
Analyses were performed using SPSS for Windows 1 0 .0 (SPSS Inc. ,  
Chicago, IL) .  Values of p<O.OS were considered statistically significant. 
Clinical data were expressed in means (±SD), inflammatory variables 
were expressed in medians (minimum-maximum). Differences between 
smokers with COPD, smokers with chronic bronchitis and asymptomatic 
smokers at baseline were analysed using the Kruskall-Wall is test, a non­
parametric equivalent to one-way ANOVA. When the Kruskall -Wallis 
test was significant the Mann Whitney U test was used to analyse the 
observed differences between the 3 groups.  In the group of subjects who 
successfully quit smoking, differences in sputum inflammation before 
and after 2, 6, and 1 2  months smoking cessation were analysed using the 
Friedman's nonparametric two-way Analysis of Variance, a non-parametric 
test to investigate multiple paired time points. If the Friedman test was 
significant, the Wilcoxon's signed rank test was used to define which time­
points were different from each other. Differences in airway inflammation 
in bronchial biopsies before and after 1 2  months smoking cessation 
were analysed using the Wilcoxon's signed rank test. Since we wanted to 
compare airway inflammation in sputum and in bronchial biopsies, the 
differences in sputum airway inflammation before and after 1 2  months 
smoking cessation were also analysed separately using the Wilcoxon's 
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signed rank test. The Mann Whitney U test was used to compare baseline 
characteristics between the group of patients who quit smoking for 1 year 
and the group of patients who did not. 
Results 
Patient characteristics 
28  smokers with COPD ( 1 3  mild, 8 moderate and 7 severe COPD patients), 
1 0  smokers with chronic bronchitis and normal lung function and 2 5  
asymptomatic smokers with normal lung function were included i n  the 
1 -year smoking cessation program. 1 2  COPD patients (6 mild, 4 moderate 
and 2 severe COPD patients), 4 smokers with chronic bronchitis and 1 6  
asymptomatic smokers successfully quit smoking for 1 -year. All urinary 
cotinine levels confirmed smoking cessation at 2, 6 and 1 2  months. None 
of the participants used nicotine replacements. Patient characteristics are 
presented in table 1 .  
Successful quitters with COPD had slightly lower percentage of sputum 
lymphocytes at baseline and a higher number of granzyme B+ cells and 
higher percentage of !CAM positive vessels than non-quitters with COPD 
(0. 7 versus 1 . 1  %, 0. 1 8  versus 0, and 86 versus 70%, respectively). The 
asymptomatic smokers who successfully quit were younger and the 
percentage of eosinophils in sputum was higher at baseline (49 versus 
52 years and 1 . 1  versus 0.4%, respectively) than in the asymptomatic 
non-quitters. The effects of smoking cessation on airway inflammation in 
smokers with chronic bronchitis could not be evaluated since only 
4 smokers successfully quit smoking for 1 -year. 
At basel ine, COPD patients were slightly older, had more pack-years 
smoking and lower lung function than asymptomatic smokers with 
normal lung function (table 1 ) . Sputum volume, total cells, percentage of 
sputum neutrophils and sputum IL-8 levels in COPD were significantly 
higher than in asymptomatic smokers (table 2a, 2b). Inflammatory 
markers in bronchial biopsies did not differ between the two groups at 
baseline (table 3) .  COPD patients had less P-selectin positive vessels than 
asymptomatic smokers (table 3) .  
Effect of smoking cessation on lung function 
FEY 1 post bronchodilator (%predicted) improved slightly after 1 year 
smoking cessation in COPD. No changes were found in FEV/FVC post 
bronchodilator (%), RV/TLC, Ttco• or sGaw (table 1 ) .  Only Ttco improved 
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Table 1 :  Patients characteristics: age, smoking history and lung function. 
Totally included in SC program Successft 
COPD 
COPD smokers with asymptomatic baseline 12 months s chronic bronchitis smokers 
n = 28 n .. 1 0  n = 2 5  n= 1 2  n=1 2 
Age, yr 5 5 ± 5 .8  5 2 ± 4.6 so ± 3 . 7&. · 56 ± 5 . 7  
Gender, M/F 1 6/ 1 2  4/6 1 1/14 7/5 7/5 
Pack-years smoking 37 ± 1 2  3 2  ± 1 3  2 5  ± 7.5&.· 3 5  ± 14  
Cigarettes, number 22 ± 8 23 ± 7 2 1  ± 5 2 1  ± 9 /day 
FEV1 post BD ,96 pred 71 ± 2 1  1 03 ± 1 5" 1 09 . 5  ± g_g&,• 74 ± 1 6.8 7 7  ± 1 6 . 7t 
FEVJFVC post BD, % 59.6 ± 1 0 79 ± s · 80 ± 4.4 &.· 6 1  ± 1 1  59 ± 1 4  
TLCO 58, mmol/min/kPa 6.9 ± 2 8 .7  ± 1 .8" 8 .6 ± 2 &," 7.5 ± 2 8 .2  ± 1 . 5  
RV/TLC, % 44 ±1 1 33 :!; 6" 3 1 ± 5&.· 43 ± 1 0  42 ± 7 
Pa02 (kPa) 10 .1  ± 1 . 1  1 1 .0 ± 1 . 2" 1 1 . 2  ± 1 . 2&.· 1 0 . 1  ± 1 . 1  
sGaw, 1/(kPa.s) .  0.7 ± 0.4 1 .4 ± 0.6" 1 .8 ± Q J&.· 0 .7 ± 0.3 0.6 ± 0.2 
Values are expressed in means ± SD. 
& p<O.OS COPD versus chronic bronchitis versus asymptomatic smokers with norma/ lung 
function, Kruskall Wallis test. * p<O.OS versus COPD. tp<O. OS versus baseline. :f: p<O.OS change in 
COPD versus change in asymptomatic smokers (delta's). 
Abbreviations: SC= smoking cessation, M= males, F= females, post BD= after 400 pg bronchodilator 
(salbutamo/), % pred =percentage of predicted, TLCO sb = single breath transfer factor of carbon 
monoxide, RV/TLC= residual volume divided by total lung capacity, sGaw= specific airway 
conductance. 
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significantly after 1 year smoking cessation in asymptomatic quitters 
(table 1 ) .  
Effect of  smoking cessation on  airway inflammation in sputum 
Part of these data have been presented in a previous article in which the 
effect of smoking cessation on airway hyperresponsiveness is described 
in relation to sputum inflammation in smokers with COPD [2 1 ] .  
All 1 2  quitters with COPD and 1 5  o f  the 1 6  asymptomatic quitters 
produced both at baseline and at 2, 6 and 1 2  months after smoking 
cessation sufficient sputum with good quality (tables 2a and 2b). 
In COPD, cell concentration, number of neutrophils, number of 
lymphocytes, IL-8 and ECP levels in sputum increased significantly 
at 1 2  months smoking cessation (table 2a, figure 1 ) .  The percentages 
of eosinophils and macrophages tended to decrease after 1 2  months 
smoking cessation (p=0.06 and 0.08, respectively). 
In asymptomatic quitters, number and percentage of macrophages, 
percentage eosinophils and IL-8 levels in sputum decreased significantly 
at 1 2  months smoking cessation (table 2b, figure l ) .  The percentage of 
neutrophils increased significantly in asymptomatic smokers at 6 and 1 2  
months smoking cessation whereas the number of neutrophils did not 
(table 2b) . 
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Figure 3: Effect of 1 -year smoking cessation on airway inflammation in bronchial biopsies in COPD 
patients and asymptomatic smokers with norma/ lung function. * p<O.OS, CD20= B cells. 
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Table 2a: Effects of 2, 6 and 1 2  months smoking cessation (SC) on sputum inflammation in COPD 
Sputum 
Cell cone., 1 06/ml 
Volume sputum, ml 
Total cells, 1 06 
Squamous cells, % 
Viability, % 
Eosinophils, 1 06/ml 
% 
Neutrophils,  1 06/ml 
% 
Macrophages, 1 06/ml 
% 
Lymphocytes , 1 06/ml 
% 





1 . 3  (0.48·9.62) 
4.9( 1 .2 -14.3)  II 
6.5  (2.6·54.5)  I )  
7 ( 1 -2 5 )  
8 7  (4 5 -94) 
0.03 (0.003-0. 1 )  






(4 5-86) l l  
(0. 1 -2.6) 
24.2 ( 1 1 .8-52 .7) I )  
0.01 (0-0.08) 
0 .7  (0. 1 - 1 . 1 )  
0 .01  (0-0. 7} 
0.4 (0-2 . 1 )  
1 8.9 (0.64-60.6) I)  
1 5  7 (32 .4-804) 
COPD quitters (N= 1 2) 
2 months SC 6 months SC 
3.4 (0.03· 1 3 .87) 2 .8  (0. 2 1 · 1 1 .6) 
2 .9 (0.9-2 1 .6) 3 .2  ( 1 .6-23 .0) 
9.2 (0.6-5 3 . 1 )  1 0.6 ( 1 .7-46 . 1 )  
6 .7 ( l -25)  9.7 (0-40) 
80 (52-95) 89 (58-94) 
O.Ql (0·0. 1 )  O .Ql  (0-0.2) 
0.6 (0-2 .6) 0.5  (0-2.6) 
2.97 (0.02-9. 1 )  1 . 22 (0.2-8.9) 
84.5 (38-97) 68. 1 (35 .5 -93) 
0.36 (0. 0 1 -8 .3)  0 .72  (9-2.4) 
1 4  (2.2- 59.6) 24 (4.3-6 1 .6) 
0.008 (0-0 . 1 )  0.04 (0.005-0.2) 
0.8 (0. 1 - 1 .3) 1 .2 (0. 5 -2 .3) * 
0.00 (0-0.08) 0.04 (0-0.8) * 
0 . 1  (0-0. 8) 0 .7  (0- 1 3 .3)  
34. 1 (0.97-1 0 2 8) 29.4 ( 1 .8-208) 
193 (2 7-9200) 3 73 (32-3 780) 
12 months SC 
6.3 (0.4- 1 2 .29)*· 2' 
3 .0  (0.8· 1 2 .9) 
1 1 . 3  ( 1 .4-92 . 1 )  
5 . 6  (0-42) 
90 ( 5 7-65) 
0 .01  (0-0. 1 4) 
0.2 (0·3 .6) 
4. 5 6  (0. 1 - 1 1 .0)*·2' 
78.6 ( 3 1 .6-89.8) 
0.92 (0.2-2.9) 2) 
1 9.2 (7.9-60.7) 
0.05 (0.005-0.2)* 
1 . 1  (0. 1 -3.0)& 
0.04 (0-0. 1 )  & 21 
0.55  (0-6) 
42.3  ( 1 .  7-3 04)*· Z) 
780 (27-3440)*· 2' 
Values expressed in medians (range). & p<0.05 Friedman test: difference between baseline, 2, 6 
and 1 2  months smoking cessation. * p<0. 05 versus baseline. SC= smoking cessation; cell cone. = cell 
concentration, /L-8= interleukin 8, ECP= eosinophilic cationic protein. 11 p<0.05 baseline difference 
between asymptomatic smokers and COPD. 21 Difference in change after 1 -year smoking cessation 
between COPD and asymptomatic smokers with norma/ lung function (delta's). 
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Cell cone., 1 06 /ml 1 .76 (0.3-4. 59) 
Volume sputum, ml 2 . 1  ( 1 .0- 1 0.8) l )  
Total cells ,  1 06 3 .6  (0.3-22.9) I )  
Squamous cells ,  % 1 3  ( 1 -36) 
Viability, % 77 (48-95) 
Eosinophils, 1 06/ml O.Ql (0-0.24) 
% 1 . 1  (0- 1 2 .6) 
Neutrophils,  1 06/ml 0.67 (0. 1 8-2.9) 
% 60.1  (3 1 . 5-77) I I  
Macrophages, 1 06/ml 0 .58  (0.08- 1 .5 )  
% 3 6 . 1  (20.9- 5 9.4} I I  
Lymphocytes, 1 06/ml 0.01  (0.00 1 -0 . 1 6) 
% 0.8 (0.3-3.8) 
Epithelial cells, 1 06/ml 0.02 (0-0.06} 
% 1 . 1  (0-6.6) 
IL-8, ng/ml 5 .8  ( 1 .8-25) II 
ECP, llg/L 73 .4 (24.8 - 1 282) 
asymptomatic quitters (N=16)  
2 months SC 6 months SC 
1 .86 (0.3 9-4. 50) 1 .3 3  (0. 3 1 -6.02) 
2.8 (0.2- 1 2 .8) 3 .0 (0.2-1 6.4) 
6 . 1  (0 .1 -26.48) 4.6 (0. 1 - 1 1 . 52)  
15  (4-50) 1 2 (0- 5 5 )  
78 (5 9-95) 76 (62-95) 
0.003 (0-0.2) 0.003 (0- 1 .2)  
0.3 (0-23)  0.2 (0-46.8) 
1 . 1 7  (0.2 7-3. 1 )  0.8 1  (0.2 1 -3 . 1 )  
5 8 . 1  (40.8-87) 6 2 . 1  (42.8-93 .6)* 
0.46 (0.05-2.2)  0.40 (0.23-2 .9) 
34.7 ( 1 2 . 3- 58.0)  30.4 (5 .8-49.6)* 
0 .01  (0-0.07) 0.007 (0-0.03)* 
0.8 (0-2.3)  0.8 (0-2) 
0 .01  (0-0.08) 0 .01  (0- 1 . 1 )  
0 . 5  (0-5) 0.6 (0-4 1 .8) 
5 .0 (0.2- 1 6.5)  3.4 (0.2-3 2 . 1 )  
1 0 1  ( 1 1 . 5- 5 80) 96.8 (22-1 080) 
12 months SC 
1 .34 (0.39- 14.65)  21 
3 . 1  (0.4-1 8 . 1 )  
3 . 9  (0.2-26.8) 
12 ( 1 -6 1 )  
74 (36-94) 
0.00 1 (0-0. 1 )& 
0.05 (0-4.3)&* 
0.90 (0.33-9. 1 )  21 
80.1  (42 .8-9 1 .3)&* 
0.20 (0.04-4.8)*, 2) 
14.4 (6.3-52 .6)&* 
0.01  (0-0.26) 
1 .0 (0-3.8) 
0.0 1  (0-0. 38)  Zl 
1 (0-3.6) 
3 . 1  (0-94.5 )&*, 21 
80.6 (9.4-2340) Zl 
Values expressed in medians (range). & p<0.05 Friedman test, difference between baseline, 2, 6 
and 1 2  months smoking cessation. * p<0. 05 versus baseline. SC= smoking cessation; cell cone. = cell 
concentration, IL-8= interleukin 8, ECP= eosinophilic cationic protein. 1 1  p<0.05 baseline difference 
between asymptomatic smokers with norma/ lung function and COPD. 2l p<0.05 difference in 
change after 1 -year smoking cessation between COPD and asymptomatic smokers with normal 
lung function (delta's). 
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The response to smoking cessation was significantly different between 
the two groups for cell concentration, the number of neutrophils, 
macrophages and epithelial cells and, IL-8 and ECP levels in sputum (table 
2a and 2 b, figure 2) .  
Effect of smoking cessation on airway inflammation in bronchial biopsies 
Data on bronchial biopsies are presented in table 3 and figure 3 .  
Biopsies of one COPD patient and o f  two asymptomatic smokers were 
of insufficient quality and therefore excluded from analyses. In COPD, 
none of the inflammatory cell markers and vascular adhesion molecules 
showed a significant change after 1 2  months smoking cessation (table 3). 
In asymptomatic quitters, mast cells (tryptase+ cells) decreased 
significantly whereas B cells (CD20) increased significantly at 1 2  months 
smoking cessation (table 3, figure 3). The CD3+ cells tended to increase 
after smoking cessation (p=0.09). The response to smoking cessation was 
significantly different between the two groups for mast cells. 
We also re-categorised our COPD patients according to the COPD criteria 
of the Global Initiative for Chronic Obstructive Lung Disease [24], which 
did not change the results (data not shown). 
Discussion 
To our knowledge, this i s  the first longitudinal study investigating the 
effect of smoking cessation on airway inflammation in smokers with 
COPD. This study shows that patients with COPD and asymptomatic 
smokers with normal lung function respond differently to smoking 
cessation with respect to inflammation in sputum and bronchial biopsies. 
In smokers with COPD, cell concentration, neutrophils, lymphocytes, IL· 
8 and ECP levels increased significantly in sputum after I year smoking 
cessation, and inflammation did not change in bronchial biopsies. In 
contrast, inflammatory markers did not significantly change or decreased 
significantly in sputum (macrophages, eosinophils, IL-8) of asymptomatic 
smokers with normal lung function. In bronchial biopsies, mast cells 
decreased significantly, whereas B-cells increased after smoking 
cessation. Together the results suggest a perpetuation of inflammation 
after smoking cessation in COPD versus a reduction in some aspects of 
airway inflammation in asymptomatic smokers with normal lung function. 
Of importance, airway inflammation in sputum persisted and 
even increased after smoking cessation in COPD in this study. Cell 
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Table 3 :  Effects of 1 2  months smoking cessation (SC) on inflammation in bronchial biopsies 
COPD asymptomatic smokers 
basel ine 1 2  months SC Baseline 12 months SC 
Number, N 1 1  1 1  14 1 4  
CD3, %pos area 0. 7 (0.2-8.9) 1 .2 (0.02-6 . 1 )  0 .8 (0. 2-2 .4) 1 .6 (0.2-5 .2):j: 
CD4, %pos area 0.04 (0.02-0.36) 0.05 (0.0 1 -0.26) 0.04 (0.02-0.2) 0.05 (0.004-0.4) 
CDB, %pos area 0.3 (0. 1 -2 .6) 0.3 (0. 1 -4.6) 0.4 (0.03- 1 .2)  0.4 (0.0 1 - 1 .3)  
CD4/CD8, ratio 0. 1 (0.02-1 .2 )  0.2 (0.05-0.6) 0.2 (0.02-0.9) 0.2 (0.03-1 .6) 
CD20, %pos area 0.003 (0-0 . 1 3) 0.009 (0-2.8)  0.006 (0-0 . 1 2) 0.04 (0.01 -0.4)• 
CD68, %pos area 0.03 (0-0.2) 0.04 (0-0.6) 0.04 (0-0.3)  0.06 (0.01 -0.3)  
NP57, %pos area 0.03 (0-0. 1 )  0.05 (0-0.7) 0.03 (0-0.4) 0.02 (0-0.5) 
EG2, %pos area 0.02 (0-0.2 )  0 .07  (0-0.6) 0.06 (0-0.6) 0.03 (0-8.8) 
AA1 ,  %pos area 0.2 (0·0.8) 0.2 (0-0.9) 0.3 (0.0 1 - 1 .2 ) 0 .1  (0.01 ·0.8)�§ 
TIA-1 ,  %pos area 0 (0-0.2)  0.005 (0-0.06) 0.001 (0-0.02) 0.007 (0-0.09) 
Granzyme B,  (cells/mm2) 0 .2  (0-4.6) 1 .3 (0-29) 0 (0-3.3) 0.06 (0-9 .3) 
ICAM- 1 + vessels, % 86 (67- 1 00) 88 (39-96) 82 (40-1 00) 83 (22-92) 
VCAM+ vessels, % 0 (0-0) 0 (0-3) 0 (0-5) 0 (0-27) 
P-selectin+ vessels, % 83 (62-95) 88 (70-96) 95 (71-1 00)t 9 2  (80-1 00) 
E-selectin+ vessels, % 0 (0-0) 0 (0-97) 0 (0-0) 0 (0-5) 
Values in medians (range). * p<O.OS versus baseline, :f: p=0.09 versus baseline, t p< 0.05 versus 
COPD, § p<O.OS difference in change 1 -year smoking cessation between COPD patients and 
asymptomatic smokers with norma/ lung function (delta's). 
Abbreviations: SC= smoking cessation, %pos area= percentage positive area, CD20= B-ee/Is, 
CD68= macrophages, NP57=neutrophi/s, EG2=eosinophils, AA1= mast cell tryptase, TIA-1= T-ee// 
intracellular antigen-1 . /CAM-1 =  intercellular adhesion molecu/e-1 ,  VCAM= vascular cell adhesion 
molecule. 
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concentration, neutrophils and lymphocyte cell numbers, as well as IL-8 
and ECP levels increased significantly at 1 2  months smoking cessation, 
indicating that our findings are not just spurious observations. Cross­
sectional studies so far have not shown any differences in inflammatory 
cells in sputum between smokers and exsmokers with COPD [6·8]. 
However, the time of smoking cessation varied between individuals 
in all studies so far, which may have obscured the effects found in 
our prospective study. The results of previous studies on IL-8 levels 
in sputum are inconsistent: one study showed higher IL-8 levels in 
exsmokers than in smokers [7] . in agreement with our finding. Others did 
not find any differences [6 ;8] .  whilst the use of inhaled corticosteroids by 
some subjects may have masked the effects of smoking cessation.  This 
contrasts to our study in which all COPD patients did not use inhaled 
and oral steroids for at least 6 months prior the study and only a short 
course of oral corticosteroids was used in case of an exacerbation during 
the study, although none of the participants took any in the month 
prior to any measurements. In the current study, ECP levels increased 
significantly after smoking cessation in COPD whereas the number of 
eosinophils did not change. This may indicate that eosinophils are more 
activated after smoking cessation, whereas cell kinetics (recruitment) 
apparently do not change. The observation that ECP levels concordantly 
increased with neutrophils and IL-8,  suggests a process of increased cell 
activation and selective migration. 
An explanation for the observed increase in certain aspects of sputum 
inflammation in COPD may be that sputum is to be regarded as a 
waste bin, i .e .  inflammatory cells are transported to the lumen and 
afterwards el iminated. I t  has been shown that not only apoptosis but 
also transepithelial migration may constitute an important pathway to 
eliminate cells from the airway walls [ 25 ] .  Thus, an increase in sputum 
neutrophils may indicate a higher elimination rate, indicating an 
improvement of airway inflammation in lung tissue. 
Another explanation for the increase in sputum inflammation may be 
reduced fluid production of the airways, and thus a higher concentration 
of inflammatory cells and mediators. Because not all mediators showed a 
similar increase we find the latter explanation less l ikely. 
We did not find any significant changes in inflammatory cells or vascular 
adhesion molecules in bronchial biopsies in COPD patients associated 
with smoking cessation. This suggests an ongoing inflammatory process 
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in the airways, in agreement with cross-sectional studies in smokers 
and exsmokers with COPD [3 ;4 ;9] .  Our sputum data also suggests that 
inflammation continues and even increases after smoking cessation. This 
is in contrast to our and previous findings which show that respiratory 
symptoms and airway hyperresponsiveness improve after smoking 
cessation [2 1 ; 26 ;27] .  It may well be that other aspects of inflammation 
contribute to this rapid c linical improvement. A longer follow up period 
may be needed to detect a reduction in airway inflammation, which may 
ultimately lead to less remodelling and the observed amelioration of lung 
function decline [26] .  
I t  is intriguing why airway inflammation is not resolved in COPD patients 
one year after smoking cessation, and even increases in some aspects . 
One explanation is that an inflammatory trigger persists after smoking 
cessation, keeping a local inflammatory response intact. Possible 
candidates might be found in the bacterial colonisation in the lower 
airways of COPD patients, normally not found in healthy individuals 
[28 ;29] .  A recently suggested hypothesis is that COPD may have an auto­
immune component, which contributes to the airway inflammation even 
after smoking cessation [30] .  These auto-antibodies may be directed 
against antigens in tobacco or from endogenous auto-antigens as a result 
from smoking-induced inflammatory and oxidative lung injury [3 1 ; 3 2] .  
The increase in  certain aspects of  airway inflammation is difficult to 
explain. It may be due to the recovery of the pro-inflammatory capacity 
of epithelial and other resident cells after smoking cessation, or the 
disappearance of an anti-inflammatory factor (e.g. carbon monoxide in 
cigarette smoke). 
In a further attempt to explain the non-resolving inflammation in COPD, 
it is important to realise that cellular inflammation, apart from being a 
negative consequence of smoke exposure, is also an integrative part of 
a repair process.  We hypothesise that susceptible smokers who develop 
COPD do not sufficiently cope with the smoke-induced tissue damage, at 
least partly due to a hampered local repair reaction. One could anticipate 
that after smoking cessation the repair process in COPD patients restores 
the damage, which then also would involve inflammatory cells as part of 
the process. It may thus well be that after smoking cessation the increase 
in or maintenance of certain aspects of airway inflammation represents a 
beneficial instead of a detrimental factor. 
7 Effect of 1-year smoking cessation on airway inflammation 
In our asymptomatic smokers with normal lung function many aspects 
of sputum airway inflammation are significantly reduced after smoking 
cessation. The number of macrophages, the percentage of eosinophils and 
IL-8 levels in sputum decreased significantly after 1 2  months smoking 
cessation, which is in agreement with the results of previous studies 
in bronchoalveolar lavage fluid and sputum [ 1 0- 1 2 ; 14] .  In addition, 
previous results have shown that in long-term exsmokers macrophages 
in bronchial biopsies are lower than in exsmokers with COPD [9] . This 
indicates that the cigarette smoke-induced increase in macrophages in 
asymptomatic smokers is reversible. Only the percentage of neutrophils 
significantly increased at 6 and 12 months smoking cessation just l ike 
in COPD patients, though the number of neutrophils in asymptomatic 
quitters did not change significantly. Taking the latter into account, the 
increased percentage but not numbers of neutrophils seems mainly to be 
the result  of a decrease in macrophages numbers. 
Mast cells in bronchial biopsies of asymptomatic smokers significantly 
decreased after smoking cessation, which is in line with the observed 
decrease in sputum inflammation. In contrast, B cells in bronchial 
biopsies increased after 1 year smoking cessation, which is hard to 
explain. It may well be that the local presence of B cells is suppressed 
in asymptomatic smokers. The increase in B cells might thus reflect a 
normalisation, possibly related to changes in T-cell cytokine profiles after 
smoking cessation (which is not evaluated in this study). Consequently, 
the lack of change of B-cells in our smokers with COPD after smoking 
cessation, might be related to the presence of ongoing inflammation. The 
latter is consistent with previous studies, showing that the number of 
small airways containing B-cells is increased in exsmokers with severe 
COPD [33 ] .  
Only a few significant changes in airway inflammation in bronchial 
biopsies were detected after smoking cessation ,  in contrast to sputum 
inflammation. The difference between the results of induced sputum and 
bronchial biopsies may be explained in several ways. Induced sputum 
collects accumulated mediators from both the central and peripheral 
airways [20]. It may be that airway inflammation changes after smoking 
cessation in the peripheral airways, and not in the central airways. 
In addition, observations in sputum may detect traffic through the 
airway wal l  better than in bronchial biopsies. We investigated only the 
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submucosa of the bronchial biopsies, other compartments (epithelium, 
glands, airway smooth muscle) might be more susceptible to smoking 
cessation. 
At baseline little differences in airway inflammation were found between 
smokers with COPD, asymptomatic smokers and smokers with chronic 
bronchitis. Sputum volume, total cells, percentage of sputum neutrophils 
and sputum IL-8 levels in COPD were significantly higher than in 
asymptomatic smokers. This is in line with previous studies who have 
shown that neutrophils and IL-8 levels in bronchoalveolar lavage and 
induced sputum are higher in n smokers with COPD than without COPD 
[34-36] .  In bronchial biopsies the number of macrophages, neutrophils 
and COB positive cells are increased in smokers with COPD compared 
to smokers without COPD, especially in more severe COPD patients 
[37 ;38] .  One of the reasons why we found only l ittle differences in airway 
inflammation between smokers with COPD and asymptomatic smokers 
is that rather mild COPD patient were included. Another reason is that 
current smoking may have affected the results .  
The overall success rate of our smoking cessation program was 5 2% after 
1 year. This rather high success rate is possibly due to a combination 
of a group-orientated smoking cessation program together with the 
research program. This resulted in many contacts, either as in a group 
and or individually, which was appreciated and helped subjects to sustain 
stopping smoking. Next to this, participants received much information 
about their health status, which further encouraged them to quit. This 
approach is discussed into more detail elsewhere [39] .  
Unfortunately the effects of smoking cessation in our asymptomatic 
smokers and COPD patients could not be compared with observations in 
individuals who were unable to quit smoking, since the medical ethics 
committee decided it unethical to re-assess individuals who relapsed after 
a smoking cessation attempt. However, we feel certain that our data are 
due to changes in smoking cessation, since we have performed multiple 
sputum inductions, which show consistent results. 
In this study the effect of smoking cessation on airway inflammation was 
studied in a relatively low number of patients. Nevertheless, significant 
differences in effects of smoking cessation between smokers with COPD 
and asymptomatic smokers were detectable, especially in induced 
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sputum. More delicate inflammatory changes may become obvious in 
follow-up studies including larger numbers of patients. 
The composition of sputum may differ between older and younger 
healthy subjects, comparable to the published increase in number of 
cells and neutrophils in bronchoalveolar lavage with age [40]. Since we 
investigated COPD patients and asymptomatic smokers of almost similar 
age (56 versus 49 years old), we feel our data are not hampered by age 
differences. 
In conclusion, smokers with COPD and asymptomatic smokers with 
normal lung function respond differently to one year smoking cessation 
with respect to the smoke induced airway inflammation. Several aspects 
of airway inflammation decreased in asymptomatic smokers with normal 
lung function whereas it persisted, or even increased in some aspects in 
smokers with COPD. Most changes were seen in sputum; macrophages, 
eosinophils and IL-8 levels significantly decreased in asymptomatic 
smokers whereas neutrophils, lymphocytes, IL-8 and ECP levels in COPD 
patients significantly increased. We suggest that the observed persistent 
inflammation in COPD may at least partly be related to repair of the 
smoke-induced tissue damage in the airways. It remains to be elucidated 
whether or which part of the observed inflammatory findings are 
beneficial and which are harmful. 
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Abstract 
An imbalance between matrix-metalloproteinases (MMPs) and tissue­
inhibitors of MMPs (TIMPs) l ikely plays a role in the development of 
chronic airway obstruction of COPD patients. Airway wall inflammation 
persists after smoking cessation, yet FEV1 decline reduces. We were 
interested whether the MMPITIMP ratio changed after smoking cessation. 
In this longitudinal study we assessed whether 1 -year smoking cessation 
changes MMP-9 and TIMP- 1 levels in induced sputum and MMP expression 
in bronchial biopsies. 1 2  out of 28 patients with mild to moderate COPD 
(37 pack years , 22 cigarettes I day) and 16 out of 25 asymptomatic 
smokers with normal lung function (2 5 pack years, 2 1  cigarettes I day) 
successfully quit smoking. Both MMP-9 and TIMP- 1 levels increased more 
than twofold in sputum from COPD patients who quit smoking, and the 
MMP-9ITIMP- 1 molar ratio did not change significantly (0. 72 to 0. 79). In 
contrast, TIMP- 1 levels in sputum from asymptomatic smokers who quit 
decreased twofold, whereas the MMP-9ITIMP-1 ratio switched from 0.69 
to 1 .2 7. In bronchial biopsies, mRNA and protein expression of MMPs 
(MMP- 1 ,  -2, -3 ,  -7, -8 and 9) and TIMP- 1 did not significantly change after 
smoking cessation in both groups. We suggest that the observed increase 
in sputum MMP-9 and TIMP- 1 levels in COPD patients after smoking 
cessation may reflect a beneficial repair process rather than a harmful 
inflammatory process.  
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Introduction 
Approximately 20% of the individuals who smoke develop chronic 
obstructive pulmonary disease (COPD). It is not exactly known which 
pathological processes contribute to chronic airway obstruction, yet 
a smoke- induced imbalance between proteinases and antiproteinases 
in susceptible individuals l ikely plays a role [ 1 ] .  Smoking cessation 
has proved to be the only effective intervention in COPD, improving 
respiratory symptoms, hyperresponsiveness [2] and accelerated 
lung function decline [3] .  Interestingly, most components of airway 
inflammation seem to persist after smoking cessation in COPD [3 ;4] .  
Hence the question arises whether the beneficial effects of smoking 
cessation may be caused by normalization of the imbalance between 
proteinases and antiproteinases possibly associated with improved 
remodelling processes. 
Among the various proteases and anti-proteases that have been proposed 
to affect the extracellular matrix there is  now increasing evidence that 
matrix-metalloproteinases (MMPs) and their inhibi tors (tissue inhibitor 
of MMPs, TIMPs) play an important role. Patients with emphysema have 
increased MMP-9 expression and production by alveolar macrophages 
[5] and elevated levels in BAL fluid [6]. Furthermore, increased MMP· 
2 ,  MMP-9 and TIMP- 1 levels have been demonstrated in sputum of 
COPD patients [7-9]. One study showed that FEV1 %predicted correlated 
negatively with MMP-9 expression in lung tissue protein extracts from 
subjects undergoing lung surgery because of (suspected) malignancy 
[ 1 0] .  Moreover, FEV1 %predicted correlated negatively with the MMP-9/ 
TIMP-1 molar ratio. In contrast, a sputum study demonstrated that FEV1 
%predicted correlated positively with this ratio [8] .  These cross-sectional 
studies can not elucidate whether there is  a causal relationship between 
smoking, MMP/ TIMP changes and development of COPD. Supportive 
evidence stems from the observation that alveolar macrophages from 
healthy cigarette smokers produce more MMP-9 and TIMP- 1 than healthy 
non-smokers [ 1 1 ] .  In addition, MMP-9 expression and the MMP-9/TIMP-1 
ratio in lung tissue from subjects with and without airway obstruction 
correlate positively with the amount of past and current cigarette 
smoking [ 1 0] .  So far, no longitudinal data regarding these effects of 
smoking on MMP and TIMP levels and subsequent development of COPD 
have been reported. 
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Another way to find out whether smoking has a differential effect in 
susceptible and non-susceptible individuals is to assess the consequences 
of smoking cessation in asymptomatic smokers and COPD patients. We 
designed a longitudinal study with l -year follow-up to investigate the 
effects of smoking cessation in the central airways. In this study we 
compare MMPs and TIMP- l levels of expression before and after smoking 
cessation, both in bronchial biopsies and induced sputum from patients 
with COPD and asymptomatic smokers without airway obstruction. 
Associations between MMPs, TIMP- l ,  MMP-9/TIMP- l ratio and smoking 
history and airway obstruction were assessed. 
Methods 
Subjects 
Subjects were recruited from the pulmonary outpatient clinic of the 
University Medical Center Groningen and by advertisements in local 
newspapers from September 1 998 until December 2000. Smokers with 
COPD were included according to ERS cri teria [ 1 2] ,  i .e .  chronic cough and 
sputum production for at least 3 months for 2 successive years, FEY/Vital 
Capacity (VC) s88% predicted for males and s89% predicted for females. 
Before the analysis our participants were re-categorized according to the 
recently updated ATS-ERS guidelines [ 1 3] .  In these guidelines COPD is 
defined as having an FEY/FYC post bronchodilator <70%, and the severity 
of COPD was based on FEY1 post bronchodilator, e .g. > 80% predicted is 
mild COPD, 50-80 % predicted is moderate COPD, 30-50% is severe COPD 
and <30% is very severe COPD. In addition, all our COPD patients had 
chronic respiratory symptoms, i .e .  chronic cough and sputum production 
for at least 3 months for 2 successive years. Due to this re-categorization, 
a group of smokers with chronic respiratory symptoms is included, 
which belongs according to the ATS-ERS criteria to the "at risk" group.  
We call this  group "chronic bronchitis". We also included asymptomatic 
smokers with normal lung function (FEY. �85% predicted), who had no 
chronic respiratory symptoms or airway obstruction, according to the 
same criteria these subjects belong to the "at risk" group too. We did 
not combine the two 'at risk' groups, since they differ with respect to 
respiratory symptoms. 
All participants had to meet the following criteria: age between 45-75 
years, pack years smoking > l 0, current smoking � l 0 cigarettes per day, 
reversibility to salbutamol < 9% of the predicted FEV1 , no use of inhaled 
or oral corticosteroids in the previous 6 months, no signs of atopy (no 
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positive skin prick test for 1 0  common aeroal lergens and serum total 
lgE < 200 IU), no respiratory tract infections 1 month prior to the study. 
The local medical ethics committee approved the study protocol and all 
subjects gave their written informed consent. 
Study Design 
All subjects visited the hospital on 7 separate days , at least one week 
apart, before entry into a 1 -year smoking cessation behavioral program. 
Lung function tests, sputum induction and bronchoscopy were performed 
in all subjects. Bronchoscopy was repeated in patients who successfully 
quit smoking for 1 year. In addition, lung function tests and sputum 
inductions were performed after 2 ,  6 and 12 months smoking cessation. 
During the study COPD patients were allowed to use long acting or 
short acting B2-agonist or ipratropium on a regular basis while inhaled 
corticosteroids were not allowed. Subjects did not use long- or short· 
acting B2-agonists and/or ipratropium at least 1 2  hours before the 
test. A short course of oral corticosteroids was allowed only during 
an exacerbation, which occurred 3 times in 3 different patients. None 
of the subjects suffered from respiratory tract infection or used oral 
corticosteroids in the month prior to each measurement. Participants 
who failed to quit smoking for 1 year were lost for follow up, since the 
medical ethics committee decided it unethical to re-assess individuals 
who relapsed after a smoking cessation attempt. 
Smoking cessation program 
The smoking cessation behavioral program consisted of an intensive 
group orientated course of 3 months, followed by 5 meetings throughout 
the rest of the year [ 1 4] .  No nicotine replacement, bupropion or anti· 
depressants were prescribed. Urinary cotinine verified smoking cessation 
2, 6 and 1 2  months after smoking cessation. A quitter was defined as 
someone who refrained from smoking for at least 1 year, confirmed by 
negative cotinine levels (i .e. <2 5 ng/ml) at both 2, 6 and 1 2  months after 
smoking cessation. 
Lung Function 
Lung function was measured using dry wedge spirometry (Masterscope, 
jaeger, Breda, The Netherlands) according to standardized guidelines [ 1 5 ) .  
Bronchodilator responsiveness to 400 11g salbutamol was measured and 
post bronchodilator values were used. 
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Sputum induction and processing 
Sputum was induced by inhalation of hypertonic saline aerosol and the 
samples were processed as described previously [2 ; 1 6] .  
Determination of MMP-1 ,  MMP-2, MMP-3, MMP-9 and TIMP-1 in  sputum 
MMP-2 and MMP-9 were determined by using gelatin zymography as 
described elsewhere [ 1 7; 1 8] .  Briefly, 1 5  01 sputum supernatant was mixed 
with 5 Ol sample buffer. Electrophoresis was performed on polyacrylamide 
gels containing 0 . 1%  gelatin [sodium dodecyl sulfate (SDS)-0 . 1% 
acrylamide solution-7.5%, UHQ-water, ammonium persulfate solution 
(APS)- 0 .05% TEMED (0. 1%) ,  0 .375  M Tris HCl, pH 8.8]. Electrophoresis was 
performed in 2 5mM Tris-glycine buffer, pH 8 .3 ,  containing 0 . 1%  SDS at 40 
Volt for 1 0  minutes, followed by 120  V for 1 . 5  hours. Gels were incubated 
twice in a 2 . 5% Triton X- 1 00 for 1 5  minutes at room temperature, 
followed by several wash steps with de-ionized water. Afterwards the 
gels were overnight incubated in an activation buffer [50mM Tris ,  5mM 
CaC12 :2H20, pH 8 .0 in de-ionized water] at 37°C. Next morning, the gels 
were rinsed, stained with 1% Coomassie Brilliant Blue G-2 50  (Biorad) in 
UHQ)isopropanol/glacial acetic acid (34 7/1 50/3 , v /v /v) for 1 5  minutes 
and destained with de-ionized water every 30-60 minutes for 3 -4 hours. 
Gelatinase activity was detected as white lysis zones against a blue 
background. Quantitative evaluation was performed by scanning the gels 
using a densitometer (Bio-Rad Gel Doc 1 000, multi-analyst version l .l).  
On each gel we used a MMP-9 standard (l ng/gel, Biogenesis Benelux, 
Ede, The Netherlands) and a molecular weight standard (Biorad). The 
sputum samples were diluted until clear detectable lysis zones were 
seen. Pro-MMP-9 was determined by scanning the lysis bands in the 92 
kD area and pro-MMP-2 in the 72 kD area. The results were expressed in 
nM, to calculate the molar MMP-9 I TIMP- 1 ratio. MMP- 1 and MMP-3 were 
measured by casein zymography using the same method as described 
above. Casein (0. 1 %) was used instead of gelatin on 1 0% polyacrylamide 
gels and MMP-3 standard 1 00 ng/gel (Biogenesis) instead of MMP-9 
standard. TIMP- 1 levels were measured by ELISA (R&D, Abingdon, UK), 
measuring both free and bound TIMP-1 ,  range of the assay 0, 1 5  - 9,6 ng/ 
ml, sensitivity 96-100%. 
Bronchoscopy and biopsy processing 
Biopsies were col lected as described previously [ 1 9] .  
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Frozen biopsies 
Serial sections were cut with a thickness of 4 �m and stored at -20"C until 
use. Selection of morphological optimal tissue was based on hematoxylin 
and eosin (HE) staining. Before immunohistochemical staining the 
sections were dried and fixed in acetone for 10 minutes and washed in 
phosphate buffered saline (PBS) again. lmmunostaining was performed 
with monoclonal antibodies against MMP- 1 ,  MMP-2,  MMP-3 ,  MMP-8 
(Oncogene, Boston, USA); clones: 4 1 - 1 E5 ,  42-5 D l l ,  5 5 ·2A4 and 1 1 5· 1 3D2 
respectively) and TIMP-1 (R&D). A rabbit polyclonal antibody was used 
against MMP-9, a kind gift of R. Hanemaaijer [20] .  MMP· l ,  2, 3 ,  8 and TIMP· 
1 antibodies were labelled by rabbit anti-mouse antibody conjugated to 
peroxidase, using 3 -amino-4-ethylcarbazole as the peroxidase substrate. 
MMP-9 antibody was labelled with goat anti-rabbit antibody conjugated 
to peroxidase. Submucosal expression of the MMPs and TIMP- 1 was 
examined semi-quantitatively in a blinded way (M.L. ,  B .W.): 0= no staining, 
1= weakly positive, 2= positive, 3= strongly positive. Epithelial expression 
of MMP-9 was quantified in the same way. 
In situ hybridisation of matrix metalloproteinases 
In situ hybridisation was performed on paraffin-embedded bronchial 
biopsies. Probe for MMP-9 mRNA was created by cloning a complementary 
DNA (eDNA) fragment into pCR2 . 1 -TOPO (Invitrogen, UK). Probes for MMP· 
3 mRNA and MMP-7 mRNA were cloned into Bleu script KS (Stratagene, 
USA, these were a kind gift from Dr R Hanemaaijer, Gaubius Laboratory 
Leiden). For MMP-9 primers used were TGA.TTG.ACG.ACG. 
CCT.TTG.CC the forward primer and AGG.TCG.AGT.ACT.CCT.TAC.CC as 
reverse. The specific cRNA probes were labelled with digoxigenin (DIG 
RNA labelling mix, Invitrogen) following the manufacturer's protocol. 
The MMP-9 probes were transcribed with T7 and SP6 RNA polymerase 
(Roche, Germany) in both the anti-sense and sense direction. The MMP· 
3 and MMP-7 probes were transcribed with T7 and T3 RNA polymerase 
(Roche, Germany) in both the anti-sense and the sense direction. 
Paraffin-slides, 3 j.lm, were deparaffinized with xylol (3 x 10 minutes) and 
100% alcohol (3 x5 minutes) followed by incubation with 0.2 M HCL for 20 
minutes. Slides were further pre-treated with 5 mM MgCI2 to remove the 
remaining acids, followed by a 0 .3% Triton X- 1 00 treatment to dissolve 
the protein and membrane remnants and a proteinase K-treatment (5!lg/ 
ml) at 3TC for 1 0  minutes to remove the proteins around the target 
nucleus. The proteinase K was inactivated by 0.2% glycine, followed by 
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post fixation in 4% formaldehyde. A triethanolamine-anhydride treatment 
neutralised the electrical charge . 
After pre-treatment, the slides were hybridised overnight at 5 5 "C with 
10 ng/ml cRNA probe in 50% formamide, 4x standard saline citrate (SSC), 
1 mg/ml tRNA, 1x Denhardt, 1 0% dextran sulphate , 2 5 0  11g/ml heat­
denatured salmon testes DNA. Subsequently slides were washed in 2x SSC 
with 50% formamide at 50"(, then in 0 . 1% sse at 62"( and finally treated 
with 2U/ml ribonuclease (RNAse) Tl in 2x SCC and 1 mM ethylenediami 
netetraacetatic acid (EDTA) pH=8 at 3TC.  Then the biopsies were, after 
blocking with 2% normal sheep serum, incubated with alkaline phosphate 
conjugated sheep-anti-DIG for 60 minutes at 3 TC. lmmunodetection of 
digoxigenin-labeled probes was performed using nitro blue tetrazolium 
(NTB) as chromogen and bicholylindolyl phosphate (BCIP) as coupling 
agent (Roche, Germany). The sense probes were included as negative 
controls, and in general did not show staining. Staining intensity was 
examined semi-quantitatively in a blinded way (B.R.) :  0= no staining, 
1= weakly positive, 2= positive, 3= strongly positive . mRNA expression 
was determined in submucosa, bronchial epithelium and endothelium. 
Data analysis 
Analyses were performed using SPSS for Windows 10 .0 (SPSS Inc . ,  Chicago, 
IL). Clinical data was expressed as mean (±SD) or geometric mean 
(minimum-maximum). Sputum and biopsy data was expressed as median 
(minimum-maximum). 
At baseline, differences between smokers with COPD, smokers with 
chronic bronchitis and asymptomatic smokers were analyzed using the 
Kruskall-Wallis test, a non-parametric equivalent to one-way ANOVA. When 
the Kruskall-Wall is test was significant the Mann Whitney U test was used 
to analyze which groups significantly differed.  In the group of subjects 
who successfully quit smoking, differences in sputum inflammation 
before and after 2 ,  6,  and 12 months smoking cessation were analyzed 
using the Friedman test, a non-parametric test to investigate multiple 
paired time points. If the Friedman test was significant, the Wilcoxon's 
signed rank test was used to define which time-points were different 
from each other. Differences before and after 1 2  months smoking 
cessation in airway inflammation in bronchial biopsies were analyzed 
using the Wilcoxon's signed rank test. Since we compared sputum 
airway inflammation and airway inflammation in bronchial biopsies, the 
differences in sputum airway inflammation before and after 1 2  months 
smoking cessation were also analyzed separately using the Wilcoxon's 
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signed rank test. Differences in changes after smoking cessation 
between the two groups were analyzed using the Mann Whitney U test. 
This test was also used to compare baseline characteristics between the 
participants who quit smoking for 1 year and those who did not. 
Correlations between MMPs and TIMP in sputum and/or bronchial 
biopsies on the one hand and smoking characteristics and lung function, 
on the other hand were assessed using Spearman's rank correlation test. 
P values <0.05 were considered statistically significant. 
Results 
Clinical characteristics of participating subjects 
28 smokers with COPD ( 1 3  mild, 8 moderate and 7 severe COPD patients), 
10 smokers with chronic bronchitis and 25 asymptomatic smokers with 
normal lung function were included in the 1 -year smoking cessation 
program. 1 2  COPD patients (6 mild, 4 moderate and 2 severe COPD 
patients), 4 smokers with chronic bronchitis and 1 6  asymptomatic 
smokers successfully quit smoking for 1 year (table 1 ) .  The group of 
smokers with chronic bronchitis is too small to perform longitudinal 
analysis, thus they are excluded from these analyses. All urinary cotinine 
levels confirmed smoking cessation at 2 ,  6 and 1 2  months. COPD patients 
and asymptomatic smokers who successfully quit did not differ clinically 
from those who failed to quit. COPD patients were significantly older than 
the other groups, and had smoked more pack-years than asymptomatic 
smokers. 
Sputum and biopsy data at baseline 
MMP-9 analyzed was mainly inactive MMP-9 (92 kD) (figure l ) .  Only in a 
few sputum samples the active form of MMP-9 (78-82 kD) was detected 
next to the inactive form. 
Sputum MMP-9 and TIMP- 1 levels in smoking COPD patients were both 
significantly higher than in asymptomatic smokers and smokers with 
chronic bronchitis, and the MMP-9/TIMP- 1 ratio was not significantly 
different (table 2). MMP- 1  and MMP-3 were not detectable;  MMP-2 and 
MMP-7 were detectable in only a few sputum samples (data not shown). 
The protein expression of MMP- 1 ,  -2 ,  -3, and TIMP- 1 in biopsies showed 
only a few positive cells (data not shown). MMP-9 protein expression 
in submucosa or epithelium did not significantly differ between the 
groups (table 2) .  MMP-8 protein expression in submucosa was higher in 
asymptomatic smokers than in smokers with COPD or chronic bronchitis 
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Table 1 :  Clinical characteristics of participating subjects 
Included at baseline 




Cigarettes, number /day 
FEV1 post BD,% pred 
FEV/FVC post BD, % 
Reversibility, % 
n = 28 
5 5 ± 5 .8 
1 6/ 1 2  
3 7  ± 1 2  
2 2  ± 8 
7 1  ± 2 1  
59.6 ± 1 0  
4 . 8  ± 5 . 1  
n =  1 0  
52 ± 4.6' 
4/6 
32 ± 1 3  
2 3  ± 7 
1 03 ± 1 5 
79 ± 5 
2 . 1  ± 3 . 3  
n = 25 
so ± 3 . 7"·' 
1 1/14 
2 5  ± 7.5"'·' 
2 1  ± 5 
1 09.5  ± 9.9"'·' 
80 ± 4.4 &, 
2.4 ± 3.0 
co 
baseline 
n=1 2  
5 6 ± 5 . 7  
7/5 
3 5  ± 1 4  
2 1  ± 9 
74 ± 1 6.8 
61 ± 1 1  
4.9 ± 3 . 8  
Values are expressed as mean ± SD. & p<0.05 Kruskall Wallis test: COPD versus chronic bronchitis 
versus asymptomatic smokers with norma/ lung function. * p<0.05 versus COPD. fp<0. 05 versus 
baseline. :f: p<0.05 change in COPD versus change in asymptomatic smokers (delta's). Abbreviations: 
mo = months; SC= smoking cessation; M= males, F= females, post BD= after 400 J1g bronchodilator 
( salbutamol), % pred =percentage of predicted. 
Table 2: MMP's and TIMP-1 (proteins) in sputum and bronchial biopsies 
Included at basel ine 
COPD chronic bronchitis asymptomatic co smokers 
n=28 n= 1 0  n=2 5 Baseline 
Sputum 
MMP-9, nM 1 3 . 3  ( 1 .8-55)  7.3 (0.3 - 1 3)* 8 . 5  (0.2-23)"* 14 ( 1 .8 -55)  
TIMP- 1 ,  nM 26.5 (3. 7-6 1 .6) 12 ( 1 . 7-34)* 1 1  (0-40.6)h 1 7  (5 .4-6 1 .6) 
MMP-9/TIMP- 1 ,  ratio 0.62 (0. 1 5-5 .2) 0.69 (0. 1 8- 1 .9) 0.76 (0. 1 4- 1 8 5 )  0 . 7 2  (0. 22-2.::  
Biopsies 
M MP-8 submucosa 0 (0- 1 )  l (0-1 )  1 (0-2)&* 0 (0- 1 )  
MMP-9 submucosa 2 ( 1 -3)  2 ( 1 -3) 2 (1 -3) 1 . 5  ( 1 -3)  
MMP-9 epithelial 0 (0-2) 0 (0-2) 0 (0-2) 0 (0-2) 
Values are expressed as median (range). & p<0.05 Kruska/1 Wallis test: COPD versus chronic bronchitis 
versus asymptomatic smokers with norma/ lung function, * p<0.05 versus COPD, t p<0.05 versus 
baseline (Wilcoxon-test), # p=0.052 versus baseline, :f: p<0. 05 change after smoking cessation in COPD 
versus change after smoking cessation in asymptomatic smokers (delta's). Abbreviations: SC= smoking 
cessation; mo = months; MMP= matrix metalloproteinase; TIMP = tissue inhibitor of metalloproteinases 
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Successful quitters 
asymptomatic smokers 
2 mo SC baseline 12 mo SC 
n= 1 2  n=1 6 n= 1 6  
49 ± 3 .2· 
7/5 8/8 8/8 
24 ± 7.2' 
2 1 . 5  ± 5 
7 ± 1 6.7t  1 1 1  ± 8.8" 1 08 ± 1 2. 5 *  
59 ± 1 4  80 ± 4.9" 8 1  ± 5 .9  
t . 7  ± 4.8 2 .2  ± 2.9 3 . 3  ±2.6 
Successful quitters 
1 2  
1 2  m o  SC 
35 (2 .7·.2..!..t...._ 
3 7 (6.5·58)f 
. 79 (0.3-4.9) 
1 {0·2) 
2 ( l -3) 
2 (0-2) 
asymptomatic smokers 
n=1 5  
baseline 12 mo SC 
8.9 (2.6·2 1 .9)* 9 . 5  ( 1 . 5·46.3) t 
1 2 .4 (7-40.5)  6 .7  (2-48.5)•! 
0.69 (0.23-1 . 8) 1 . 2 7  (0. 2-3 . 7) t 
1 (0·2)* 1 (0-2) 
2 ( 1 -3) 2 {1 -3) 
0 (0-2) 1 (0·2) 
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-
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75 kO 
Figure 1 :  MMP·9 zymogram. 
Explanation of lanes: 1 = MMP·9 standard, 1 ng/ml. 2= COPD patient baseline, dilution 1 OOx. 3= 
COPD patient 6 months smoking cessation (SC), dilution 1 OOx. 
4= COPD patient 2 1 2  months SC, dilution 1 OOx. 5= asymptomatic smoker at baseline, dilution 
1 Ox. 6- asymptomatic smoker 2 months SC, dilution 1 Ox. 
7= asymptomatic smoker 6 months SC, dilution 1 Ox. 8= asymptomatic smoker 
12 months SC, dilution 1 Ox. 9= MW standard, 1 00 kD and 75 kD. 
A * 
B • 
100 "" NS p=�.052 • 
• 75 E E :II 
'S 75 .a • a. :I • • II) � 50  • . 5 • 0 • • .E � 50 • 0 c =·  0 :E ----:-., c • •  
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Figure 2: Smoking cessation induced change in sputum MMP-9 (A) and TIMP·1 (B). *p<0.05, 
NS= not significant, SC= smoking cessation. 
Figure 3: 
Correlations of MMP-9 in submucosa of 
bronchial biopsies with the number of 
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(table 2). mRNA levels of MMP-3 ,  ·7, and ·9 in the epithelial, endothelial or 
submucosal area did not significantly differ between COPD patients and 
asymptomatic smokers at baseline (data not shown). 
Effect of smoking cessation: sputum 
Twelve of the 1 2  quitters with COPD and 1 5  of the 1 6  asymptomatic 
quitters produced sufficient sputum with good quality at baseline and 2 ,  
6 and 1 2  months after smoking cessation (baseline and 12  months data 
in table 2, figure 2). In COPD, the levels of MMP-9 and TIMP· 1 increased 
significantly after 1 2  months, and not after 2 and 6 months. The MMP-
9/TIMP- 1 ratio did not change in COPD after smoking cessation. In 
asymptomatic smokers, TIMP- 1 levels tended to decrease at 12 months 
(p=0.052) ,  and the MMP-9/TIMP- 1 ratio increased significantly already 
after 2 months. Smoking cessation induced changes in MMP-9 and TIMP- 1 
were significantly different between the two groups. 
Effect of smoking cessation: bronchial biopsies 
Biopsies of one COPD patient and of 2 asymptomatic smokers were of 
insufficient qual ity and were excluded from analyses. Within the group of 
COPD patients and asymptomatic smokers immunostaining of MMP-8 and 
MMP-9 did not significantly change after 1 2  months smoking cessation 
(table 2). Within the group of COPD patients mRNA expression of MMP-7 in 
the epithelium decreased significantly. 
Correlations at baseline 
Correlations between sputum MMP·9 and TIMP- 1 levels and, smoking 
history, and lung function are shown in table 3. A significant negative 
correlation was seen between submucosal MMP-9 and the numbers of 
cigarettes/day in COPD (rho=-0.47, p=0.03) (figure 3) .  
Discussion 
This study shows that sputum MMP-9 and TIMP- 1 levels from smoking 
COPD patients were significantly higher than those from asymptomatic 
smokers with normal lung function and smokers with chronic bronchitis. 
After 1 -year smoking cessation sputum MMP-9 and TIMP- 1 levels in COPD 
patients increased significantly while there was no significant increase in 
asymptomatic smokers. 
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Table 3: Correlations of sputum MMP-9 and T/MP-1 at baseline with clinical characteristics 
Cigarettes, number/day 
Pack-years, years 
FEV1 post BD, % predicted 
FEV/FVC post BD, % 




-0. 1 1  




0. 1 1  
0.03 
-0. 2 1  
-0.23  
Asymptomatic smokers n= 2 5  
MMP-9 TIMP-1 
-0.29 -0.07 
-0.0 1 2  0. 1 1  
0. 19  0.3 1 
0.27 0.26 
Increased sputum levels of MMP-9 and TIMP- 1 have previously been 
described in smoking patients with COPD [8). In contrast to Vignola et  
a/, we could not demonstrate a correlation between the sputum MMP-9/ 
TIMP- 1 ratio and the degree of airway obstruction in our COPD patients. 
An explanation may be that the former study included patients with 
obstructive as well as non-obstructive chronic bronchitis [8) .  We did 
find a negative correlation between MMP-9 levels and FEV1 %predicted 
in smoking COPD patients, which was almost s ignificant. This suggests 
that MMP-9 plays a role in the development of airway obstruction. 
Binding of pro-MMP-9 to tissue substrates has been shown to induce 
activation of the enzyme without cleavage of the propeptide [2 1 ) .  Thus, 
increased levels of inactive MMP-9 in the sputum may indicate increased 
levels of active MMP-9 bound to tissue substrates, such as collagen, 
fibronectin, elastin and laminin. A previously study demonstrated 
prominent MMP-9 immunoreactivity within the extracellular matrix of the 
bronchial submucosa of healthy and asthmatic subjects [22) .  Cleavage 
of these matrix substrates, as well as non-tradi tional substrates such 
as chemokines, cytokines and growth factors [23 ; 24) is  suggested to 
generate bioactive peptides that regulate the inflammatory response. 
Furthermore, increased MMP-9 levels may be a consequence rather than 
a cause of structural changes in the airways underlying chronic airway 
obstruction. Clearly, longitudinal data is required to assess whether MMP-
9 plays a causative role. 
Smoking cessation is  associated with a reduction of the accelerated lung 
function decline in COPD [25 ;26) .  Therefore, we expected that 1 -year 
smoking cessation would lead to reduced proteinase and anti-proteinase 
levels, and to an improved proteinase/antiproteinase balance in COPD. 
However, our data shows that MMP-9 and TIMP- 1 levels both increased 
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significantly in sputum, while the MMP-9/TIMP- 1  ratio did not change. 
We suggest that many years of cigarette smoking in COPD result in 
persistence of an inflammatory trigger that upregulates an inflammatory 
repair process.  The further increase in MMP-9 and TIMP- 1 one year 
after smoking cessation may be a consequence of: 1 )  recovery of pro­
inflammatory capacity of epithelial, inflammatory and other resident 
cells [27-29] .  2 )  decrease of oxidative stress and thus less degradation of 
pro-MMPs, 3) disappearance of an anti -inflammatory factor (e.g. carbon 
monoxide in cigarette smoke) or 4) less fluid production of the airways, 
and thus a higher concentration of inflammatory cells and mediators 
in sputum as shown previously [2]. Because not all mediators showed a 
similar increase we find the latter explanation less likely. 
The sputum results from asymptomatic smokers are more easy to put in 
perspective than from the COPD patients. At baseline, sputum MMP-9 and 
TIMP-1 were significantly lower than in COPD patients, yet with a large 
overlap. TIMP-1 decreased after smoking cessation; a trend not observed 
in COPD. Interestingly, the molar MMP-9/TIMP- 1 ratio switched from 0.69 
to 1 .2 7  in asymptomatic smokers, an effect that was largely due to the 
decreased TIMP- 1 levels .  This may appear as a harmful imbalance in favor 
of the proteinase MMP-9. On the other hand, the absolute levels of MMP-
9 i tself may be too low to become harmful ,  despite the relative deficit 
of tissue inhibitors. Furthermore, other proteases and anti-proteases 
which we did not assess in this study may play a role. Finally, one study 
demonstrated that the MMP-9/TIMP- 1 ratio correlated negatively with the 
degree of airway obstruction [8] . thus an increase might even reflect a 
beneficial process. 
Immunohistochemical staining and in situ hybridization of proteinases 
and antiproteinases in bronchial biopsies did not detect differences 
before and after 1 -year smoking cessation. The difference between the 
results of induced sputum and bronchial biopsies may be explained in 
several ways. Induced sputum collects accumulated mediators from both 
the central and peripheral airways [ 1 6] .  I t  is well possible that MMPs 
and TIMPs in  the peripheral airways change after smoking cessation, 
in  contrast to a lack of change in the central airways. Further, induced 
sputum may detect general changes in cell traffic through the airway 
wall better than biopsies from the airway wal l ,  as we have suggested 
previously [30]. In the latter study we showed that inflammatory cells 
in sputum changed after smoking cessation both in COPD patients and 
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asymptomatic smokers whereas there were no changes in inflammatory 
cells in bronchial biopsies. It is also possible that the staining and I or 
quantification of proteins and mRNAs in the biopsies were not sufficiently 
sensitive to detect subtle changes after 1 -year smoking cessation. Taken 
together, our data suggest that central airway biopsies are less sensitive 
than induced sputum to detect significant changes in MMPs and TIMP- 1 
after smoking cessation. 
Neutrophils and macrophages are important producers of MMPs and 
TIMPS. In a previous article [30] , using the same study population, we 
showed that the number of neutrophils increased after 1 -year smoking 
cessation in COPD patients, which is in concordance with the increase 
in MMP-9 levels (data not shown). In addition the increase in the number 
of neutrophils correlated positively with the increase in MMP-9 levels, 
rho=0 .78 p=0.00 1 (data not shown). In asymptomatic smokers the number 
of macrophages decreased after 1 -year smoking cessation, whereas the 
number of neutrophils did not change. As macrophages are producers of 
TIMP- 1 and neutrophils of MMP-9, our findings for MMP-9 and TIMP- 1 are 
in concordance with the changes in neutrophils and macrophages . 
We conclude that 1 -year smoking cessation has differential effects on the 
proteinase/antiproteinase balance in COPD patients and asymptomatic 
smokers. After 1 -year smoking cessation TIMP-1 levels in sputum from 
asymptomatic smokers decreased almost twofold, whereas the MMP-9/ 
TIMP- 1 ratio switched from 0.69 to 1 .2 7. This suggests that either there 
may be less need in this situation for TIMP- 1 to counteract superfluous 
metalloproteases or that TIMP- 1 is degraded by other proteinases 
l ike elastase. The MMP-9 and TIMP- 1 levels in sputum from COPD 
patients both increased twofold after one year smoking cessation, and 
consequently the MMP-9/TIMP- l ratio did not significantly change. We 
suppose that it is most l ikely that this represents either recovery of pro­
inflammatory capacity associated with regeneration of damaged cells or 
tissues, or an effect of lack of anti-inflammatory capacities of cigarette 
smoke, or a combination of both. Considering the complex findings, there 
is a need for additional studies on in particular the functional activity of 
MMP-9 and TIMP- 1 ,  and also on normal values of never-smokers, in order 
to better interpret all data. 
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Summary, General Discussion and 
Future Directions 
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Smoking cessation in chronic obstructive pulmonary disease 
Summary 
Introduction 
COPD is currently the fifth leading cause of death in Europe and it 
is expected to become the third most common cause of death in the 
world in 2020 [1 ;2 ] .  COPD is clinically characterised by irreversible 
airway obstruction and a rapid decline in lung function with or without 
respiratory symptoms like cough, phlegm and dyspnoea (3]. Smoking is 
the main risk factor in the development of COPD and smoking cessation 
is currently the only treatment of COPD that affects progression of the 
disease, since it normalises the rapid decline in lung function. 
COPD patients have structural changes in the lungs like airway fibrosis, 
epithelial thickening and alveolar destruction. The mechanisms that may 
contribute to these changes are increased inflammation, an imbalance 
in protease/anti-proteases, an imbalance in oxidants/antioxidants and 
an associated lack of repair. The exact role of cigarette smoking in these 
mechanisms is largely unknown. Consequently, the effects of smoking 
cessation on the increased airway inflammation and morphological 
changes in the lungs still need to be elucidated. This may also give more 
insight in the role of cigarette smoke in the pathogenesis of COPD. 
The aim of this thesis was to investigate the effects of 1 -year 
smoking cessation on airway inflammation in smokers with COPD and 
asymptomatic smokers. Since it has been shown that smoking cessation 
may improve clinical features, the effects of smoking cessation on 
respiratory symptoms, lung function, airway hyperresponsiveness 
(AHR), quality of life and cognitive performance were also investigated. 
28  smokers with COPD, 10 smokers with chronic bronchitis and 2 5  
asymptomatic smokers were included into our 1 -year smoking cessation 
program and they underwent several investigations (table 1 ) .  The patients 
were characterised according to the ATS/ERS guidelines (3] .  Since smoking 
cessation is a difficult task, especially in COPD patients, the effectiveness 
of the smoking cessation program was also evaluated .  
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Chapter 2 is a l iterature review on the effects of smoking cessation on 
respiratory symptoms, lung function, AHR, and airway inflammation in 
asymptomatic smokers, smokers with chronic bronchitis and smokers 
with COPD. 
Smoking cessation improves respiratory symptoms and airway 
hyperresponsiveness, and slows down the decline in lung function in 
al l  smokers whether they have COPD or not. The effects of smoking 
cessation on airway inflammation are less clear. Overall ,  in asymptomatic 
smokers airway inflammation seems to diminish, although the effect 
on inflammation in lung tissue has not been investigated yet. So far, 
most studies have hardly studied smokers with chronic bronchitis; thus 
one can only speculate about the effect of smoking cessation on airway 
inflammation in this group of patients. In COPD, a few histopathological 
cross-sectional studies suggest that airway inflammation persists in ex­
smokers [4 ; 5] .  
There are two main reasons for the lack of  reliable data on  the effects of 
smoking cessation. First, only very little longitudinal data with respect 
to the effects of smoking cessation on airway inflammation is  available, 
most studies on this topic being cross-sectional in nature comparing 
smokers and ex-smokers with and without COPD. Secondly, most studies 
investigating airway inflammation in COPD did not distinguish between 
smokers and ex-smokers with COPD, but only compared a total group 
of COPD patients with a control group (either asymptomatic smokers or 
nonsmokers). 
Smoking cessation in chronic obstructive pulmonary disease 
It can be concluded that despite the fact that smoking cessation is 
an important health issue, l ittle is  known about its effects on airway 
inflammation and the mechanisms that may result in the observed health 
benefits. 
Smoking cessation program for COPD patients 
Smoking cessation is a difficult task, especially for COPD patients [6] . 
COPD patients are more addicted to nicotine and experience more 
depressive symptoms than asymptomatic smokers, which increases 
the risk of relapse [6 ; 7] .  There is no smoking cessation program which 
addresses the specific needs of COPD patients and it remains to be 
established whether this is  needed [8]. It may be important not only to 
focus on motivation and withdrawal effects, but also on general aspects of 
well-being and on moral support. 
Chapter 3 evaluates the smoking cessation program used in this study. 
It is a non-pharmacological one-year smoking cessation program, based 
on the program originally developed by the Foundation for Community 
Health and Smoking in The Netherlands ("Defacto"). This program is 
based on cognitive behavioral therapy and focused on relapse prevention, 
based on the model of Marlatt [9] . The program was extended with six 
group meetings throughout the rest of the year. The extra meetings were 
used to give mental support, to pay attention to the problem of weight 
gain and to the beneficial effects of smoking cessation. One year after 
the first quit day, 1 6  (42%) patients with COPD or chronic bronchitis and 
1 7  (68%) asymptomatic subjects did not smoke as confirmed by urinary 
cotinine levels. Most COPD patients failed within 2 months after smoking 
cessation, and asymptomatic smokers between 2-6 months. The high 
quit rates are most l ikely caused by the combination of an intensive 
group-orientated smoking cessation program and the research setting. We 
conclude that a combination of smoking cessation program and research 
program could be useful in the future since the need of more research 
about (the effects of smoking cessation in) COPD and the need for patients 
with COPD to quit their smoking habit. 
Chapter 4 describes the effects of smoking cessation on several aspects 
of well-being, i.e. respiratory symptoms, quality of life and cognitive 
performance, in smokers with COPD and chronic bronchitis, and 
asymptomatic smokers. Several aspects of cognitive performance increase 
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shortly ( i .e .  minutes) after cigarette smoking[ 1 0- 1 2] .  In contrast, long 
term smoking (i.e. years) decreases cognitive performance [ 1 3- 1 5 ] .  
Smoking cessation in both COPD and asymptomatic smokers improved 
cognitive performance, especially focused attention (Stroop test), and 
visual search tasks requiring hand-eye-coordination and mental flexibility 
(trailmaking A and B). Interestingly, cognitive performance improved al­
ready after 2 months smoking cessation in asymptomatic smokers, where­
as it improved only after 1 2  months in COPD patients. This may be due to 
a greater physical dependence on nicotine in these patients, or to the fact 
that these patients experience more often depressive symptoms [6]. 
Respiratory symptoms and mental state (i.e. concerned about thei r  
disease and/or depressed because of  their d isease) as  measured by the 
CCQ improved already after 6 months smoking cessation in patients with 
COPD. Functional state , i .e .  daily activi ties, did not improve after smoking 
cessation, indicating that this may need more time. CCQ total score 
improved slightly in our asymptomatic smokers at 2 months smoking 
cessation. However this was not maintained after 6 and 1 2  months 
smoking cessation, a finding that is not surprising since asymptomatic 
smokers had no chronic respiratory symptoms at the start of the study. 
Finally, quality of life measurements improved slightly after smoking 
cessation in COPD patients only, though not to a large extent. 
In conclusion, these data provide more information about features that 
may be important for future smoking cessation programs/guidelines, 
especially for COPD patients. Improvement of respiratory symptoms and 
quality of life may improve the motivation to quit smoking, or to sustain 
refraining from smoking. 
The effect of smoking cessation on clinical variables and its 
relation to airway inflammation 
AHR is defined as an abnormal sensitivity and exaggerated response 
of the airways to pharmacological, chemical, physical or physiological 
stimuli [ 1 6] .  This may be due to changes in the morphology of the 
airways (airway smooth muscle hypertrophy, loss of alveolar attachments, 
mucus hypersecretion), as well as to local inflammation, epithelial 
injury and increased neural activity [ 1 7-2 5] .  AHR can be measured using 
direct and indirect stimuli as provocative substance. Methacholine acts 
directly on the airway smooth muscle cells via binding to histamine-
and muscarinic receptors and adenosine 5'- monophosphate (AMP) 
acts indirectly on the smooth muscle cells via neural pathways, or via 
smoking cessation in chronic obstructive pulmonary disease 
activation of inflammatory cells, especially mast cells [ 1 6] .  Previous 
studies suggest that smoking cessation prevents the progression of 
airway hyperresponsiveness in both smokers with and without COPD [26-
30] .  
Chapter 5 shows that the severity of both direct and indirect airway 
hyperresponsiveness was not associated with airway inflammation in 
sputum and bronchial biopsies in smokers with COPD. As expected, the 
presence of AHR was related to a worse lung function. 
The effect of one-year smoking cessation on both direct and indirect AHR 
and sputum inflammation in 1 5  smokers with COPD who successfully 
quitted smoking was also investigated. Both AHR to methacholine and to 
AMP improved after 1 -year smoking cessation in COPD patients; median 
PC20 methacholine from 2 .6  to 8 . 1  mg/ml ( 1 .6 doubling concentrations) 
and PC20 AMP from 44 to 1 76 mg/ml (2 . 1  doubling concentrations). This 
improvement was not related to changes in airway inflammation in 
sputum or bronchial biopsies, but might be due to other changes like 
reduced stimulation of irritant receptors (tachykinins), repair of epithelial 
injury, decrease of airway wal l edema, and/or a reduction in mucus 
hypersecretion. Respiratory symptoms l ike cough and sputum production 
improved after smoking cessation in COPD (chapter 3), which may have 
contributed to the improvement in AHR as wel l .  Finally, the asymptomatic 
smokers showed no significant improvement in AHR after one-year 
smoking cessation, mainly because only a few expressed AHR (and in that 
case very mild AHR) at the start of the study. 
We suggest to investigate the influence of tachykinins by performing 
airway hyperresponsiveness tests with bradykinine before and after 
smoking cessation. The effect of epithelial repair on the improvement 
in AHR might be elucidated by investigating the epithelial changes in 
bronchial biopsies. 
In conclusion, AHR in smokers with COPD is associated with worse lung 
function, yet not with airway inflammation. This was corroborated by our 
observation that smoking cessation induces improvement of AHR without 
an association with the changes in airway inflammation as assessed in 
induced sputum and bronchial biopsies. 
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The effect of smoking and smoking cessation on inflammation 
In chapter 6, data is presented on airway inflammation in sputum 
and bronchial biopsies at baseline. 25 smokers with COPD, 9 smokers 
with chronic bronchitis and 26 asymptomatic smokers were included 
in this study. The smokers with COPD were slightly older, had more 
pack-years smoking, higher airway resistance and more severe airway 
hyperresponsiveness than asymptomatic smokers and smokers with 
chronic bronchitis. The latter group in its turn had a higher airway 
resistance and more severe airway hyperresponsiveness to AMP than 
asymptomatic smokers again. Smokers with COPD had higher percentage 
neutrophils, epithelial cells, IL-8 - and ECP- levels in sputum than 
asymptomatic smokers, whereas airway inflammation in bronchial 
biopsies did not differ between these two groups. In smokers with chronic 
bronchitis sputum IL-8 levels were lower than in COPD patients, and 
the percentage of sputum neutrophils was higher than in asymptomatic 
smokers. 
In conclusion, only small differences in inflammation were found 
between smokers with COPD and asymptomatic smokers. This may be 
due to the inclusion of rather mild COPD patients with a mean post 
bronchodilator FEV1 of 71% predicted. Next to this, it is  known that 
smoking itself induces a powerful inflammatory response and this may 
have overshadowed the possible differences between individuals with 
and without COPD. This was supported by the finding that current 
smoking was significantly associated with several parameters of airway 
inflammation whereas pack-years smoking was not. Only macrophages 
in bronchial biopsies correlated positively with pack-years smoking 
in COPD. This indicates that investigators should distinguish between 
smokers and ex-smokers whenever they study airway inflammation. 
The effects of smoking cessation on airway inflammation are described 
in chapter 7. As described in chapter 3, 1 2  out of 28 smokers with COPD 
and 16 out of 25 asymptomatic smokers successfully quitted smoking for 
one year. Only 4 of 1 0  smokers with chronic bronchitis quitted smoking 
for one year. Unfortunately this last group is  too small to evaluate the 
effects of smoking cessation on airway inflammation. 
In COPD, airway inflammation in bronchial biopsies persisted after 1 -
year smoking cessation, whereas in sputum the number of neutrophils, 
lymphocytes, lL-8 levels and ECP levels increased at 1 2  months. In the 
asymptomatic smokers airway inflammation reduced, i .e .  numbers of 
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macrophages, percentage eosinophils and IL-8 levels in sputum, and mast 
cells in bronchial biopsies, which is in agreement with results of previous 
studies [3 1 -33] .  In contrast, B-cells in bronchial biopsies increased after 
one year smoking cessation. 
We concluded that there is a difference in response to smoking cessation 
between smokers with COPD and asymptomatic smokers with respect to 
airway inflammation, i .e .  airway inflammation in asymptomatic smokers 
decreased whereas it increased in some aspects in patients with COPD. 
The effects of smok;ng cessation on matrix metalloprote;nases 
One of the possible underling pathological mechanisms in COPD is an 
imbalance between proteases and anti-proteases. The peripheral airways 
of COPD patients are characterised by destruction of peribronchial 
alveolar attachments. In the central and small airways there is increased 
deposition of extra-cellu lar matrix (ECM), i .e .  peribronchial fibrosis 
and thickening of basement membrane [34-36] .  This suggests that the 
protease/anti-protease balance is in favour of the anti -proteases in these 
areas. Matrix-metal loproteinases (MMPs) and their inhibitors (TIMPs) 
are part of the proteases/anti-proteases that may play a role in COPD. 
Neutrophils, macrophages and fibroblasts are producers of these MMPs 
and TIMPs and are believed to play an important role in COPD. 
Chapter 8 describes the effect of smoking and smoking cessation 
on MMPs and TIMPs in sputum and bronchial biopsies. At baseline, 
smokers with COPD had higher sputum MMP-9 and TIMP- 1 levels than 
asymptomatic smokers and smokers with chronic bronchitis ,  whereas 
MMP expression in bronchial biopsies did not differ. 
After smoking cessation sputum MMP-9 and TIMP- 1 levels increased 
in COPD patients, whereas the MMP-9/TIMP-1 ratio did not change. In 
asymptomatic smokers, sputum TIMP- l levels tended to decrease and 
the MMP-9/TIMP-1 ratio increased significantly. In both groups, smoking 
cessation did not change mRNA expression of MMP-3 ,  -7, -9 levels, nor the 
protein levels of MMP-8 and MMP-9 in bronchial biopsies. 
One-year smoking cessation has differential effects on the protease/ 
antiprotease balance in COPD and asymptomatic smokers. The increase in 
MMP-9 and TIMP-1 in COPD patients may indicate a recovery /regeneration 
of damaged cells or tissues. In asymptomatic smokers TIMP-1 levels 
decreased almost twofold, and the MMP-9/TIMP- l ratio increased. The 
exact role of MMPs and TIMPs in smoking and smoking cessation in COPD 
needs further investigation. 
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Conclusions 
• The combination of a 1 -year group-orientated behavioural smoking 
cessation program in a research setting leads to high quit rates. 
• Smoking cessation improves cognitive performance, i .e .  focussed 
attention and visual search tasks , in both smokers with COPD and 
asymptomatic smokers, yet faster in asymptomatic smokers. 
• Current smoking is more extensively related to airway inflammation than 
cumulative smoking. 
One should distinguish between smokers and ex-smokers when 
investigating the effect of smoking or smoking cessation on airway 
inflammation. 
• The severity of airway hyperresponsiveness to both AMP and 
methacholine is  not related to sputum airway inflammation in smokers 
with COPD. 
• AHR to both AMP and methacholine improves after 1 -year smoking 
cessation in patients with COPD, which is  not associated with changes in 
airway inflammation. 
• Airway inflammation in smokers with COPD persists and even increases 
after 1 -year smoking cessation, whereas it decreases in asymptomatic 
smokers. 
• The effect of 1 -year smoking cessation on airway inflammation is more 
pronounced in induced sputum than in bronchial biopsies. 
Smokers with COPD have higher MMP-9 and TIMP- 1 levels in sputum than 
asymptomatic smokers and smokers with chronic bronchitis. 
• MMP-9 and TIMP- 1  levels in sputum increase after 1 -year smoking 
cessation in COPD. 
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General discussion and directions 
for future studies 
Smoking cessation program 
There are several ways to quit smoking ranging from the "cold turkey" 
method to intensive group orientated smoking cessation programs 
combined with pharmacological support. The combination of behavioural 
support with pharmacological support has until now led to the highest 
quit rates (20-3 5%) [8 ; 37] .  It is important to recognise that many smokers 
experience positive feelings from smoking. Smoking is associated with 
a sensation of euphoria, has an anti-depressant effect, can improve 
cognition in the short term (especially attention for repetitive tasks) and 
can result in a slight weight loss [38 ;39] .  
Our smoking cessation program based on cognitive behavioural therapy 
and relapse prevention worked very well in combination with our 
research setting. It is recognised that such a program could not be easily 
implemented in everyday practice.  However, most individual aspects of 
our setting have been included in smoking cessation guidelines. These 
known aspects are ( 1 )  moral and behavioural support, since smoking 
cessation is characterised by changing of (attitude towards) habits, (2) the 
motivations why a smoker want to quit, and (3) to find out the reasons 
why a smoker smokes, i.e. physical addiction, psychological addiction/ 
coping, out of habit, or a combination of these. 
A few aspects may need improvement in current smoking cessation 
guidelines. First of all smoking cessation takes time and consequently 
smoking cessation guidance takes time. Smoking cessation guidance 
is generally offered for 3 months, whether it is a smoking cessation 
program sec or the use of bupropion is incorporated. This study showed 
that most asymptomatic smokers relapsed between 2-6 months after 
smoking cessation; thus a smoking cessation guidance of at least more 
than 6 months, e.g. 1 year is advocated.  Some quitters may benefit from 
pharmacological support, i .e .  nicotine-replacement therapy, bupropion, 
nortryptyl ine, or clonidine. One needs to address that only taking 
these medications is insufficient to quit smoking successfully. It may 
be extra motivating for a quitter when a health-related measurement 
is incorporated like blood pressure, respiratory symptoms, blood 
cholesterol level, exercise tolerance. This may in particular be an extra 
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motivation when smokers have difficulties with their health or suffer from 
smoke-related disease. 
We found no difference in success rate between COPD patients and 
asymptomatic smokers. This might suggest that COPD patients would 
not need a smoking cessation program especially designed for them. 
Previous studies have suggested that smokers with COPD may need a 
different approach towards smoking cessation, since smokers with COPD 
have higher nicotine dependence and experience more often depressive 
symptoms or depression [6;7 ;40;4 1 ] .  Despite the fact that no difference 
in success rate was found between asymptomatic smokers and COPD 
patients, other aspects which may be important for future smoking 
cessation programs did differ. First, most COPD patients (37%) relapsed 
within the first 2 months after smoking cessation whereas asymptomatic 
smokers (20%) did so between 2 and 6 months. This could indicate that 
the time period for most intensive contact moments should be different 
for these two groups. Secondly, respiratory symptoms and quality of 
l ife improved after smoking cessation in COPD patients and not in 
asymptomatic smokers, which could be used as extra motivation in 
smokers with COPD. In addition, cognitive performance improved faster 
in asymptomatic smokers than in smokers with COPD. This may due to 
the disease in these patients, or due to the higher nicotine dependence 
and or the presence of depression or depressive symptoms. 
Smoking cessation in COPD patients may be more successful if, next 
to cognitive behavioural therapy and relapse prevention, nicotine 
replacement is added to reduce craving. Some patients may even benefit 
from the use of antidepressants, since depression is related to relapse. 
Two anti-depressants, i .e. nortryptyline and bupropion, are currently used 
as an effective smoking cessation therapy even in patients with COPD[42] .  
However it is believed that their mode of action is independent of 
their anti-depressant effect [43] .  The use of other anti-depressants, l ike 
selective serotine re-uptake inhibitors may even increase the smoking 
cessation rate in smokers with COPD and depressive symptoms, but this 
needs further investigation. 
A special smoking cessation guidance for COPD may increase quit rates in 
this group of smokers. We propose that a combination of 1 -year cognitive 
behavioural therapy, relapse prevention and the use of pharmacological 
support during the first 2 months is important to reach this goal. 
• 
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The effect of smoking cessation on airway inflammation in COPD 
Previous cross-sectional studies suggest that airway inflammation 
continues after smoking cessation in COPD patients [4;44-46]. This 
longitudinal study confirms these studies, i .e .  airway inflammation is 
ongoing in COPD patients after l year smoking cessation. Additionally, 
it shows that some aspects of inflammation even increase after l year 
smoking cessation. 
Several triggers have been suggested to cause ongoing airway 
inflammation after smoking cessation in COPD patients. (l) Colonisation 
with bacteria and/or viruses in the lower airways of COPD patients could 
be such a trigger. Colonisation is normally not found in the airways of 
healthy subjects [47;48] .  Indeed, colonisation has been found in patients 
with more severe COPD and some suggest that even the airways of mild 
COPD patients are being colonised [49 ; 50] .  (2) COPD may be considered 
an auto-immune disease, or may have some auto-immune features. Auto­
antibodies may be directed to particles/antigens in cigarette smoke itself 
or to protein fragments of the extra-cellular matrix, generated by smoke­
induced lung injury [ 5 1 ] .  Auto-antibodies are produced by B-cells and in 
the airways of COPD patients lymphoid foll icles containing a germinal 
centre with B-cells surrounded by CD4+ cells have been found [ 5 2 ; 5 3] .  (3) 
Acquired somatic mutations caused by carcinogens in cigarette smoke 
could contribute to the ongoing inflammation in COPD. These mutations, 
especially in the genes that encode Ras, PTEN, EGF-r and p53 ,  can cause 
amplification of inflammatory signal transduction cascades and impair 
the host defences to viruses and bacteria by altering the phenotype of 
cells in the first line of defence in the lung, i .e .  squamous metaplasia of 
airway epithelial cells [54] .  
The above described triggers do not clarify why the inflammatory process 
would increase after smoking cessation in COPD. The increase in airway 
inflammation after smoking cessation in COPD could be explained in 
several ways. (l) Reductions of the anti-inflammatory factors in cigarette 
smoke, e.g. carbon mono-oxide [ 55 ;56 ] ,  may contribute to an increase 
in airway inflammation after smoking cessation. In this way, one would 
expect to find an increase in airway inflammation in asymptomatic 
quitters too, yet this was not the case in our study cohort. It may well be 
that the anti-inflammatory effect of cigarette smoke is only an immediate 
and temporary effect of smoking in contrast to the long-lasting pro-
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inflammatory effects of smoking induced changes in COPD. (2) Smoking 
alters and impairs the function of lung epithelial cells, neutrophils 
and macrophages [ 1 7] .  After smoking cessation airway epithelium and 
the functions of inflammatory cells may be restored [ 33 ; 57 ; 58] ,  which 
may lead to improvement in lung defence mechanisms and thus an 
improved response to lung damage due to cigarette smoke. (3) Cellular 
inflammation, apart from being a negative consequence of smoke 
exposure, is also an integrative part of a repair process. After smoking 
cessation the repair process in COPD patients restores the damage, which 
consequently involves inflammatory cells as part of the process. 
The combination of previous epidemiological and clinical studies 
reveals that smoking cessation improves respiratory symptoms, reduces 
decline in FEV1 and in AHR, whereas airway inflammation in COPD does 
not diminish [4 ; 5 ;26 ; 59 ;60] . The present longitudinal study shows that 
within one study group of COPD patients smoking cessation improves 
clinical variables such as respiratory symptoms and AHR whereas airway 
inflammation is still ongoing and even increases. If the increase in airway 
inflammation represents a beneficial repair process then this could 
explain the discrepancy between clinical presentation and inflammation. 
Thus, the question remains whether all structural changes in patients 
with COPD can be expected to be influenced by smoking cessation. 
Structural changes are present throughout the whole lung in COPD and 
this varies within every patient. Enlarged mucous glands, defective 
mucociliary clearance, disruption of the epithelial barrier, and thickening 
of the bronchial wal ls are seen in the central airways. In the small airways 
epithelial changes (globlet cells, metaplasia), peribronchiolar fibrosis and 
occlusion of lumen by mucus plugging are present. The most pronounced 
change in the peripheral airway is the destruction of the alveolar 
attachments [34 ; 5 2] .  These structural changes explain most of the clinical 
findings in COPD, i .e .  chronic respiratory symptoms, rapid decline in 
lung function and the presence of AHR. Whether and to what extent the 
structural changes are reversible is largely unknown. It can be expected 
that smoking cessation at least stops further damage in the lungs, yet it 
remains unclear in how far repair of the damage is enabled. 
The question remains whether repair and remodelling processes 
reverse or alter the structural changes in COPD after smoking cessation. 
Unfortunately the exact biology of repair and remodelling processes 
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is largely unknown. To start, one could investigate changes in the 
epithelium, the extra-cellular matrix (ECM) and the interaction between 
them in the different compartments of the lungs. Smoking damages and 
changes the epithelium and restoration of its function may improve 
airway defence and may normalise the interaction with the ECM. In 
addition, serine proteases, matrix-metalloproteases and ADAMs (a 
desintegrin and metalloproteases) are likely to play a role in this process. 
These proteins regulate the activity and presentation of growth factors, 
and may interact directly with cell surface receptors and therefore can 
modulate cellular responses [6 1 ]  and thus play an important role in 
airway remodelling. The role of fibroblasts and airway smooth muscle 
cells in this process needs to be established. 
It is believed that the pathologic changes in small airways largely 
contribute to the measured spirometric changes in COPD and thus to the 
rapid decline in FEV1 • The small airways are considered the place where 
COPD starts and they may be more affected than the central airways 
in mild-moderate COPD patients [ 52 ;62] .  Investigation of the effect of 
smoking and smoking cessation on airway inflammation and remodelling 
in this area may contribute to the knowledge of the pathogenesis of 
COPD. Therefore it i s  necessary to develop tools to investigate this part 
of the airways. Bronchoalveolar lavage (BAL) and ultrathin bronchoscopy 
have been proposed to investigate the small airways [63 ;64]. however it 
will remain difficult to obtain lung tissue. Further development of these 
methods may lead to investigation of small airways. 
In conclusion, the increase in airway inflammation after smoking 
cessation in COPD may represent a repair mechanism and thus may be 
a beneficial effect. Investigation of changes in repair and remodelling 
processes in especially the small airways after smoking cessation may 
elucidate the discrepancy between the ongoing and increased airway 
inflammation and the improvement in clinical variables after smoking 
cessation in COPD patients. 
Heterogeneity of COPD 
COPD is a heterogeneous disease, as explained in the introduction. The 
term COPD includes chronic bronchitis of the large airways, small airway 
disease, and emphysema. The proportion of these subtypes may vary 
importantly between COPD patients, however, their clinical expressions 
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may be quite similar. Unfortunately, most COPD studies include subjects 
based on cl inical variables l ike respiratory symptoms and FEV1 , which 
does not clearly distinguish between the three subtypes. The use of high 
resolution computed tomography (HRCT) could provide more information 
about the degree of emphysema [65] ,  and the use of multiple breath 
N2 washout about small airways d isease [66]. In the present study we 
included patients with chronic cough and phlegm; thus including chronic 
bronchitis and excluding pure emphysema. It may well be that the effects 
of smoking cessation on airway inflammation and structural changes in 
an individual COPD patient depends on the underlying subtype. Apart 
from this heterogeneity between COPD patients, the degree of severity of 
airway inflammation and structural changes within each disease subtype 
may contribute to the unique response of an individual COPD patient who 
quits smoking. 
The susceptible smoker 
COPD is not only caused by smoking and other environmental factors, 
but also genetic factors contribute to the susceptibility to COPD. This has 
been proven for patients with al -antitrypsine deficiency, which occurs 
in about l -5% of the patients with COPD. It is believed that around 20% 
of the smokers develop clinical COPD, although a prevalence of 50% has 
been reported as well [67;68]. It has been suggested that smokers who 
develop COPD do not have sufficiently active repair mechanisms which 
may lead to impaired remodelling and thus to the structural changes in 
the airways. Several studies have found polymorphisms in genes related 
to decline in lung function, for example in MMP- 1 2 , MMP- 1 ,  and ADAM-33  
[69;70]. The exact function of  these proteins in the pathogenesis of  COPD 
remains to be established. Finding the genetic factors that contribute 
to the development of COPD may unravel important pathological 
mechanisms underlying the disease. 
Future studies 
In this study, we suggest that the increase and ongoing airway 
inflammation after smoking cessation in COPD represents a beneficial 
instead of a harmful effect, since clinical variables (respiratory symptoms, 
AHR) improve after smoking cessation. In this regard, increased airway 
inflammation may contribute to a beneficial repair or remodelling 
process. The current l iterature shows that clinical variables indeed 
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improve after smoking cessation, however studies investigating airway 
inflammation suggest an ongoing airway inflammation even after 
many years of smoking cessation. Unfortunately the exact repair and 
remodelling processes in COPD are still largely unknown. 
Furthermore, this study shows that an intensive smoking cessation 
program leads to high quit rates ,  even in COPD patients. So far, a smoking 
cessation program especially for COPD patients has not been developed 
yet, although literature suggests that this may increase the quit rates in 
this group of patients. 
Considering the previous paragraphs there are a number of studies that 
are of great interest as a follow up of the study presented in this thesis. 
• Development of a dedicated smoking cessation program for patients 
with COPD, which should include a 1 -year behavioural group-orientated 
therapy with relapse prevention and the use of nicotine replacement. 
Whether there is a role for anti-depressants should be investigated. 
More detailed investigation on the exact role of inflammatory markers 
in repair and remodelling processes in the lungs (especially the small 
airways) of COPD patients. 
Investigation whether structural changes in the airways of COPD patients 
are reversible and to investigate the role of inflammatory and repair 
processes. 
Investigation of the possible relationship between epithelium and extra­
cellu lar matrix in different compartments of the lungs in patients with 
COPD. In addition, evaluation of the effect of smoking and smoking 
cessation is of particular interest. 
• Investigation of the effects of smoking cessation on systemic 
inflammation in patients with COPD. 
• Investigation of the effects of smoking cessation on the lungs of severe 
COPD patients. 
Investigation of the effects of smoking cessation on the protective 
mechanisms of asymptomatic (non-susceptible) smokers. 
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In summary, this study has taught us a lot about the effect of 
smoking cessation in patients with COPD. Despite the fact that airway 
inflammation increases in COPD patients after smoking cessation, it also 
improves respiratory symptoms and AHR. This intriguing discrepancy 
indicates that smoking cessation remains a very important goal in 
the treatment of COPD patients and that further research is needed to 
investigate the exact pathophysiological mechanisms underlying its 
beneficial effect. 
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Smoking cessation in chronic obstructive pulmonary disease 
In lei ding 
Het beschreven onderzoek gaat over de effecten van stoppen met 
roken op de luchtwegen bij zowel patienten met chronisch obstructief 
longlijden (afgekort COPD) als bij rokers zonder luchtwegklachten. Er 
wordt met name ingegaan op de effecten van stoppen met roken op 
luchtwegklachten en op ontsteking in de luchtwegen. Daarnaast worden 
de resultaten beschreven van het stoppen-met-roken programma zoals 
dat in deze studie is gebruikt. 
COPD is een longaandoening die gekenmerkt wordt door een vernauwing 
van de luchtwegen, die onomkeerbaar is. De ziekte ontwikkelt zich 
langzaam en komt pas op oudere leeftijd naar voren (>40·45 jaar). 
Patienten hebben vaak last van kortademigheid en andere luchtweg­
klachten zoals hoesten en vee! slijm (sputum) opgeven. COPD wordt 
gekenmerkt door een versnelde achteruitgang in de longfunctie. 
Ook hebben vee! patienten last van luchtwegovergevoeligheid. 
COPD is een verzamelnaam voor longemfyseem en obstructieve 
chronische bronchitis. Beide processen kunnen tegelijk bij een en 
dezelfde patient voorkomen. Bij longemfyseem vindt verlies van de 
elasticiteit van de Iangen plaats, m.a.w. "de rek is eruit". De patient 
wordt kortademig. Longemfyseem komt voor in de longblaasjes, waarbij 
een dee! van de wand van de longblaasjes beschadigt. Aangezien de 
longblaasjes ook de kleine luchtwegen helpen open te houden, worden de 
kleine luchtwegen ook aangetast. Bij obstructieve chronische bronchitis 
vernauwen de luchtwegen omdat er meer slijm in de luchtwegen zit en 
de luchtwegwand verdikt is .  Dit proces vindt zowel plaats in de kleine 
als in de grate luchtwegen. De patient heeft klachten als hoesten en 
sputumproductie (figuur 1 ). 
COPD staat momenteel als nummer vijf op de wereldranglij st van 
belangrijkste doodsoorzaken; en breidt zich nog steeds in toenemende 
mate uit. Verwacht wordt dat COPD in 2020 als derde belangrijkste 
doodsoorzaak in de wereld geldt. COPD komt zowel in de westerse Ianden 
als in ontwikkelingslanden voor. Roken is de belangrijkste oorzaak van 
het ontstaan van COPD, 90% van de patienten heeft gerookt of rookt nog 
steeds. Maar niet elke roker ontwikkelt COPD. Men schat dat ongeveer 20% 
van de rakers deze ziekte ontwikkelt, hoewel er ook aanwijzingen zijn dat 
tot 50% van de rakers last krijgt van COPD. 
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gezond COPD 
grote luc htweg chromsche bronchitiS 
longblaasjes emphyseem 
Figuur 1 
COPD is een verzamelnaam voor longemfyseem en obstructieve chronische bronchitis. Bij 
longemfyseem vindt verlies van de elasticiteit van de Iangen p/aats, m.a. w. "de rek is eruit". 
Longemfyseem komt voor in de longb/aasjes, waarbij een dee/ van de wand van de longb/aasjes 
beschadigt. En heeft hierbij ook een effect op de k/eine /uchtwegen die zo minder goed worden 
opengehouden. Bij obstructieve chronische bronchitis vernauwen de /uchtwegen omdat er meer 
slijm in de /uchtwegen zit en de luchtwegwand verdikt is. Dit proces vindt zowel p/aats in de k/eine 
als in de grate luchtwegen. 
Stoppen met roken is momenteel het enige middel dat ervoor zorgt dat 
de ziekte niet verergert. Door te stoppen met roken stopt de versnelde 
achteruitgang in de longfunctie waar deze patienten mee kampen (figuur 
2) .  Bovendien nemen de luchtwegklachten af. Er z ijn  echter nog geen 
medicijnen om de ziekte geheel te genezen of tegen te gaan. Wei bestaan 
luchtwegverwijders en inhalatiesterolden om de klachten te verlichten. 
De luchtwegvernauwing bij COPD wordt in eerste instantie bepaald 
door veranderingen in de opbouw van de kleine luchtwegen. Deze 
veranderingen zijn waarschijnlijk het gevolg van ontstekingsprocessen in 
de luchtwegwand. Bij een ontsteking spelen verscheidene cellen een rol. 
Bij COPD heeft een aantal van deze cellen een belangrijke rol, te weten 
neutrofielen, macrofagen en T-cellen (figuur 3). Naast deze ontsteking 
komen ook andere processen voor die bijdragen aan de ontwikkeling van 
COPD. Zo zijn  er enzymen die eiwitten in de Iangen kunnen afbreken, 
de zogenaamde proteasen. Daarnaast z ijn  er anti-proteasen; dit z ijn  
enzymen d ie  de proteasen kunnen remmen. Deze enzymen werken 
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Figuur 2 
Effect van roken en stoppen met roken op de long(unctie (de maximale hoeveelheid Iucht die 
iemand kan uitblazen in een seconde, FEV/ Bij COPD-patienten is er een versnelde achteruitgang 
van de longfunctie t.o. v. niet-rokers en rakers die niet gevoelig zijn voor rook. Als deze patienten 
stoppen met roken, normaliseert de snelheid waarmee de longfunctie achteruitgaat, echter 
herstelt de longfunctie zich niet meer (stippellijn). 
mee aan de opbouw en afbraak van longweegsel. Als de balans tussen 
deze eiwitten doorslaat naar de proteasen, dan wordt het longweefsel 
afgebroken. Dit kan leiden tot COPD. Hoe COPD precies ontstaat, is echter 
onbekend. Stoppen met roken heeft een positief effect op de versnelde 
achteruitgang van de Iongfunctie en daarmee op de bestrijding van COPD. 
De exacte rol van roken en stoppen met roken op ontsteking en de andere 
processen in  de luchtwegen is nag niet opgehelderd. 
Stoppen met roken: wat is erover bekend 
Hoofdstuk 2 geeft een beschrijving over wat er tot nu toe bekend 
is over de effecten van stoppen met roken op Iuchtwegklachten, de 
longfunctie, luchtwegovergevoeligheid en ontsteking in de luchtwegen 
bij rakers met en zonder COPD. Hieruit blijkt dat na stoppen met 
roken luchtwegklachten verbeteren, de versnelde achteruitgang in de 
longfunctie stopt en de luchtwegovergevoeligheid niet toeneemt. Dit geldt 
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zowel voor rakers met als zonder COPD. De ontsteking in de luchtwegen 
van rakers zonder COPD lijkt te verminderen nadat ze gestopt z ijn  met 
roken. Bij COPD·patienten is er tot nu toe weinig onderzoek gedaan naar 
het effect van stoppen met roken op de ontsteking. De onderzoeken 
suggereren dat de ontsteking na het stoppen met roken blijft bestaan. 
Helaas z ijn in deze onderzoeken ex-rokers en rokers met COPD met elkaar 
vergeleken. Dit impl iceert dat er geen sprake is van vervolgonderzoek, 
terwijl dit wei wenselijk zou zijn .  De ideale situatie zou zijn  een raker 
met COPD te onderzoeken die vervolgens stopt met roken en dan op een 
later tijdstip nog een keer onderzocht wordt. 
Om de effecten van stoppen met roken op ontsteking in de luchtwegen 
te onderzoeken, zij n  in dit onderzoek rokers met COPD en rokers 
zonder luchtwegklachten aan diverse onderzoeken blootgesteld .  Daarna 
begonnen ze aan het stoppen-met-roken programma. Nadat ze gestopt 
waren met roken, werden op verschillende tijdstippen onderzoeken 
gedaan om de effecten van stoppen met roken te kunnen bestuderen 
(tabel l). 
tabel 1: Opzet van het onderzoek: tijdspad en methode 
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Verklaring van de verschillende onderzoeken: Longfunctie: het meten 
van de kracht en de grootte van de Iangen. CCQ: afkorting voor Clinical 
COPD Questionnaire, vraagt naar last van luchtwegklachten (hoesten, 
slijm, kortademigheid, inspanningsmogelijkheid). Sputum inductie : 
hierbij wordt een bepaalde concentratie zout verneveld en dit wordt 
ingeademd. Op deze wijze komt het slijm uit de luchtwegen los en kan 
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het makkelijk opgehoest worden. Kwaliteit van Ieven vragenlijsten: er zijn  
twee vragenlijsten in d i t  onderzoek gebruikt: een algemene vragenlij st 
en een specifiek voor COPD-patienten. Cognitief functioneren: het meten 
van reactiesnelheid, hand-oog coordinatie. Luchtwegovergevoeligheid 
voor adenosine-5 '-monofosfaat (AMP) en methacholine (MCh). 
Luchtwegbiopten: met behulp van een bronchoscoop werden kleine 
stukjes longweefsel (grootte van een speldenknop) weggenomen. 
Het stoppen-met-roken programma 
Het stoppen-met-roken programma dat in dit  onderzoek gebruikt is 
(boofdstuk 3), is gebaseerd op het programma zoals dat is ontwikkeld 
door de Stichting Volksgezondheid en Roken (STIVORO, tegenwoordig 
Defacto). Dit gedragsgeorienteerde programma werd voor dit onderzoek 
uitgebreid met zes extra groepsbijeenkomsten en duurde een jaar. Het 
is een groepsprogramma, waarbij extra aandacht is besteed aan het 
voorkomen van terugval. Na een jaar was 42% van de rakers met COPD 
succesvol gestopt met roken en 68% van de "gezonde" rokers. Dit zijn 
hoge slagingspercentages in vergelijking met uitkomsten van andere 
stoppen-met-roken studies en het laat zien dat een combinatie van 
een stoppen-met-roken programma samen met een wetenschappelijk 
onderzoek elkaar gunstig be"invloedt. 
Kwaliteit van Ieven, minder luchtwegklachten en beter cognitief 
functioneren (reactiesnelheid, hand-oogcoordinatie) kunnen mogelijk 
invloed hebben op het slagen van stoppen met roken. Hoofdstuk 4 laat 
zien dat hoesten, slijmproductie en kortademigheid verminderen nadat 
COPD-patienten zijn  gestopt met roken. De kwaliteit van Ieven verbetert 
ook iets in deze groep.  Het cognitief functioneren verbetert zowel in de 
groep van "gezonde" rakers als bij de COPD-patienten, echter sneller in 
de eerste groep (na 2 maanden) dan in de Iaatste groep (na 1 2  maanden). 
COPD-patienten zijn afhankelijker van nicotine en hebben daarbij vaker 
last van depressiviteit dan rokers zonder Iuchtwegklachten. Daarom is het 
aannemelijk dat z ij meer moeite hebben om te stoppen met roken. Het is 
van belang om in toekomstige stoppen-met-roken programma's rekening 
te houden met dit soort verschillen tussen groepen rakers. 
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Effect van stoppen met roken op luchtwegovergevoeligheid 
Luchtwegovergevoeligheid uit zich in een tijdelijke vernauwing van 
de luchtwegen na inademing van stoffen die bij gezonde mensen geen 
reactie uitlokken, zoals mist, koude of parfum. Ook sigarettenrook 
kan leiden tot een tijdelijke vernauwing. De luchtwegovergevoeligheid 
wordt waarschijnlijk veroorzaakt door ontsteking in de luchtwegen, 
door veranderingen in de opbouw van de luchtwegen of door 
veranderingen in het epitheel (dit is de oppervlakkige cellaag van 
de luchtwegen, die direct in contact staat met de buitenwereld). De 
ernst van luchtwegovergevoeligheid is te meten met behulp van 
provocatietesten. Hierbij ademt de persoon een prikkelende stof zoals 
methacholine of adenosine-5 '-monofosfaat (AMP) in, en wordt de mate van 
luchtwegvernauwing gemeten. Ongeveer driekwart van de COPD-patienten 
heeft last van luchtwegovergevoeligheid, en vaak heeft dan deze persoon 
een nog snellere afname van de longfunctie. Rokers zonder COPD kunnen 
ook last hebben van luchtwegovergevoeligheid, maar het is onduidelijk 
of dit ook vaker is dan bij mensen die niet  roken. Over het effect van 
stoppen met roken op luchtwegovergevoeligheid is nog weinig bekend. 
Hoofdstuk 5 laat zien dat bij rokende COPD-patienten luchtwegover­
gevoeligheid niet gerelateerd is aan de aanwezigheid van ontstekings­
cellen en cytokinen (dit z ijn  eiwitten die zorgen voor de communicatie 
tussen cellen onderling) in sputum. Na een jaar stoppen met roken 
vermindert de luchtwegovergevoeligheid bij COPD-patienten, zowel als dit 
gemeten wordt met AMP als met methacholine. Deze verbetering is niet 
gerelateerd aan veranderingen in de ontsteking van de luchtwegen. Het 
zou kunnen dat andere veranderingen in de luchtwegen,  zoals herstel van 
epitheelcellen of vermindering van de slijmproductie, verantwoordelijk 
z ijn  voor de verbetering van luchtwegovergevoeligheid bij COPD· 
patienten. In hoofdstuk 3 is immers uitgelegd dat patienten minder last 
kregen van hoesten en slijm opgeven nadat ze gestopt waren met roken. 
De rokers zonder luchtwegklachten hadden bij de start van de studie 
weinig of geen luchtwegovergevoeligheid,  stoppen met roken had dan ook 
geen effect op luchtwegovergevoeligheid in deze groep. Concluderend: 
stoppen met roken heeft een gunstig effect op luchtwegovergevoeligheid 
bij COPD, maar dit hangt niet samen met veranderingen in ontsteking in 
sputum en luchtwegbiopten. Mogelijk  dat onderzoek naar de effecten van 
stoppen met roken op epitheel of de opbouw van de luchtwegen meer 
informatie verschaft. 
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Effect van roken en stoppen met roken 
op ontsteking in de luchtwegen 
Roken veroorzaakt een ontsteking in de luchtwegen en het longweefsel .  
Bij patienten met COPD is deze ontsteking heftiger dan bij rakers 
zonder luchtwegklachten. In hoofdstuk 6 wordt een beschrijving 
gegeven van verschillende ontstekingscellen (macrofagen, neutrofielen, 
lymfocyten) en cytokinen in sputum en luchtwegbiopten van rakers met 
en zonder COPD (figuur 3). Hieruit bl ijkt dat rokende COPD-patienten 
iets meer last hebben van een ontsteking in de Iuchtwegen dan de rakers 
zonder luchtwegklachten. Het percentage neutrofielen, het percentage 
epitheelcellen, het gehalte aan interleukine-8 (een cytokine) en aan ECP 
(eosinophil cationic protein, geproduceerd door eosinofielen) in sputum 
is hager bij rakers met COPD dan bij rakers zonder luchtwegklachten. In 
deze studie is niet vee! verschil gevonden tussen rokende COPD-patienten 
en rakers zonder luchtwegklachten. De oorzaak hiervan kan zijn  dat de 
meeste COPD-patienten een milde vorm van COPD hadden, waardoor de 
ontsteking mogelijk niet zo ernstig was .  Daarnaast geeft het roken zelf 
oak een ontstekingsreactie. Deze ontstekingsreactie kan de ontsteking 
die optreedt als gevolg van de ziekte overschaduwen. Dit laatste wordt 
ondersteund door de bevinding dat roken (uitgedrukt in het aantal 




Figuur 3 - Opbouw van de luchtwegwand. De volgende ontstekingcellen zijn weergegeven: 
N= neutrofiel, M= macrofaag T=T-cel, B=B-cel, MC= mestcel, E=eosinofiel. Deze cellen 
communiceren met elkaar door het afscheiden van cytokinen zoals interleukine-8 en andere 
mediatoren zoals ECP. 
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pak-jaren (dit is een cumulatieve maat voor de levenslange blootstell ing 
aan rook) niet gerelateerd is aan ontsteking. Het is daarom van belang 
om in toekomstig onderzoek onderscheid te maken tussen rokers en ex­
rokers als de ontsteking in de luchtwegen onderzocht wordt. 
Hoofdstuk 7 gaat over de effecten van stoppen met roken op de 
ontsteking in het sputum en de luchtwegbiopten van rokers met en 
zonder COPD. Bij COPD-patienten is een toename van ontsteking in 
het sputum gevonden. Het aantal neutrofielen, het aantal lymfocyten 
en het gehalte aan interleukine-8 en ECP stijgt na een jaar stoppen 
met roken, terwijl de overige ontstekingsmediatoren niet veranderen. 
In de luchtwegbiopten van COPD-patienten is geen effect meetbaar 
op de ontsteking. Bij die van rokers zonder luchtwegklachten is een 
afname te zien van het aantal macrofagen, het percentage eosinofielen 
en interleukine-8 gehalte in het sputum (figuur 3) .  In luchtwegbiopten 
van deze laatste deelnemers is er een dating van het aantal mestcellen, 
maar wordt een stijging van het aantal B-cellen gevonden (figuur 3) .  Dit 
onderzoek laat zien dat er een verschil is in ontsteking na stoppen met 
roken tussen COPD-patienten en rokers zonder luchtwegklachten. Bij 
COPD-patienten l ijkt deze ontsteking toe te nemen en bij rokers zonder 
luchtwegklachten neemt deze af. Andere hoofdstukken Iaten zien dat 
stoppen met roken een positief effect heeft op de luchtwegklachten en 
luchtwegovergevoeligheid van COPD-patienten. Er is een discrepantie 
tussen enerzijds de klinische verbetering van COPD-patienten na stoppen 
met roken en anderzijds het doorgaan en toenemen van de ontsteking in 
de luchtwegen. 
Er zijn  diverse verklaringen te bedenken waarom de ontsteking bij 
COPD-patienten blijft aanhouden. Ten eerste kan er sprake zijn  van een 
opeenstapeling van bacterien in de luchtwegen. Patienten hoeven hier 
niet altijd klachten door te krijgen, maar het zorgt er wei voor dat er 
een ontstekingsreactie aanwezig is als afweer tegen de bacterien. Een 
tweede verklaring kan zijn dat COPD een soort auto-immuunziekte is . 
Bij een auto-immuunziekte maakt het lichaam onbedoeld afweerstoffen 
aan tegen eigen lichaamscellen of weefsels, hetgeen een continue 
proces is .  Ten derde kan er door de sigarettenrook schade aan genen 
hebben plaatsgevonden waardoor de ontstekingsreactie in stand wordt 
gehouden. Het bl ijkt echter dat de ontsteking niet aileen maar aanhoudt 
als COPD-patienten stoppen met roken, maar zelfs toeneemt. Ook 
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hier z ijn  enkele mogelijke verklaringen voor te vinden. Het is bekend 
dat sigarettenrook niet aileen stoffen bevat die ervoor zorgen dat de 
ontsteking toeneemt, maar er zijn ook enkele stoffen die ervoor zorgen 
dat de ontsteking juist geremd wordt. Doordat iemand stopt met roken 
verdwijnen ook deze zogenoemde anti-inflammatoire stoffen en kan het 
theoretisch zo zijn dat hierdoor de ontsteking niet meer geremd wordt, 
maar juist toeneemt. Dit fenomeen is echter niet aangetroffen bij de 
groep rokers zonder luchtwegklachten. Het is aannemelijk  dat de stoffen 
in sigarettenrook die ervoor zorgen dat de ontsteking toeneemt, meer 
effect hebben dan de stoffen die ervoor zorgen dat de ontsteking geremd 
wordt. Ten tweede zijn  er aanwijzingen dat na het stoppen met roken het 
epitheel van de luchtwegen en de functie van diverse ontstekingscellen 
weer normaliseren, wat kan resulteren in betere afweermechanismen. 
Aangezien COPD-patienten nog schade hebben in de longen a.g.v. het 
roken, kan deze schade door door betere afweermechnisme opgeruimd 
worden en dit veroorzaakt dan de toename in ontsteking. Ten derde 
richt een ontstekingsproces niet aileen maar schade aan, integendeel, 
ontstekingcellen en hun eiwitten zijn hard nodig voor het herstellen van 
schade. Het is mogelijk dat de toename van de ontsteking, die bij COPD­
patienten een jaar na het stoppen met roken te zien is, een weerspiegeling 
is van het herstel van de schade door rook en dus een verbetering is van 
de ziekte. Dit zou ook de klinische vermindering van de luchtwegklachten 
en luchtwegovergevoeligheid bij deze patienten verklaren. 
Effect van stoppen met roken op proteasen en anti-proteasen 
Zoals eerder vermeld, z ijn  er ook andere processen die mogelijk een 
rol spelen bij de ontwikkeling van COPD. Een daarvan is de verstoorde 
balans tussen proteasen en anti-proteasen. Normaal is er een balans 
tussen enzymen (proteasen) die eiwitten afbreken en de remmers van 
die enzymen (de anti-proteasen). Deze laatste zorgen mede voor de 
opbouw en afbraak van weefsel in de longen. In de kleine luchtwegen en 
het Iongweefsel van COPD-patienten is afbraak van de longblaasjes te 
zien. In de grate luchtwegen is er juist sprake van afzetting van materiaal 
(fibrosevorming) en een verdikking van de basaalmembraan (dit is een 
bindweefsellaag die direct onder het epitheel ligt, figuren 1 en 3) .  In dit 
gebied l ijkt het erop dat de balans tussen proteasen en anti-proteasen in 
het voordeel is van anti-proteasen. De matrix-metalloproteasen (MMP's) 
en hun remmers (tissue inhibitor of MMP, de TIMP's) vormen een groep 
van proteasen en anti -proteasen die mogelijk een rol speelt bij COPD. 
• 0 Nederlandse samenvatting voor niet-medid 
Neutrofielen en macrofagen zijn enkele belangrijke Ieveranciers van deze 
enzymen. Maar de precieze rol van roken en stoppen met roken op deze 
eiwitten is grotendeels onbekend. 
In hoofdstuk 8 is gei"nventariseerd welke MMP's en TIMP's er in de 
onderzoeksgroep voorkomen en wat het effect van stoppen met roken 
is. Rokers met COPD hebben meer MMP-9 en TIMP- 1 in het sputum 
dan de rokers zonder luchtwegklachten, maar er is geen verschil in de 
aanwezigheid van MMP's en TIMP's in de luchtwegbiopten. Het wijst erop 
dat bij COPD-patienten meer MMP's en TIMP's aanwezig z ijn  dan bij rokers 
zonder luchtwegklachten. Het is goed mogelijk dat deze enzymen een rol 
spelen bij COPD. 
COPD-patienten die een jaar z ijn  gestopt met roken hebben een 
toegenomen gehalte aan MMP-9 en TIMP- 1 in hun sputum. De balans 
tussen MMP-9 en TIMP- 1  in het sputum is  hetzeifde gebleven. Bij rokers 
zonder luchtwegklachten daalt het gehalte aan TIMP- 1 in sputum en is de 
balans tussen MMP-9 en TIMP-1 in het sputum duidelijk veranderd. Er is  in 
verhouding meer MMP-9 dan TIMP- 1 in het sputum. In beide groepen had 
stoppen met roken geen effect op MMP's en TIMP's in de luchtwegbiopten. 
Het effect van stoppen met roken op de balans tussen proteasen en 
anti-proteasen is anders voor COPD-patienten dan voor rokers zonder 
luchtwegklachten. De toename van MMP-9 en TIMP-1 na het stoppen 
met roken bij COPD kan, net zoals de toename in ontstekingscellen, 
een weerspiegeling zijn  van hers tel van beschadigde cellen of weefsel . 
De precieze rol van MMP's en TIMP's in COPD moet verder onderzocht 
worden. 
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Belangrijkste conclusies en mogelijkheden voor verder onderzoek 
Belangrijkste conc/usies 
• Een een jaar durend gedragsgeorH�nteerd stoppen-met-roken programma 
gekoppeld aan een wetenschappelijk onderzoek leidt tot hoge 
slagingspercentages. 
Luchtwegklachten en luchtwegovergevoeligheid verminderen bij COPD­
patienten na stoppen met roken. De kwaliteit van Ieven neemt toe. 
• Het cognitief functioneren (hand-oogcoordinatie en reactiesnelheid) 
verbetert na het stoppen met roken bij zowel COPD-patienten als rakers 
zonder Iuchtwegklachten. Deze verbetering is pas later z ichtbaar bij 
COPD-patienten. 
• Ontsteking in de luchtwegen van COPD-patienten blijft aanwezig en 
neemt in sommige aspecten zelfs toe nadat ze gestopt z ijn  met roken. 
Daarentegen neemt bij "gezonde" rakers de ontsteking af. De toename 
in ontsteking bij COPD-patienten is mogelijk  een weerspiegeling van het 
hersteiiien van de schade in de luchtwegen. 
Toekomstige studies 
Het is belangrijk om een stoppen·met-roken programma speciaal voor 
COPD-patienten te ontwikkelen. Hierbij kan dan naast de algemene zaken 
die bij stoppen met roken naar voren komen ook dieper ingegaan worden 
op ziektegerelateerde klachten die zorgen voor extra problemen tijdens 
en na het stoppen met roken. 
• Aangezien na het stoppen met roken een toename in de ontsteking bij 
COPD-patienten is gesignaleerd, terwijl deze patienten zich wei beter 
voelden, is het van belang om deze relatie verder te onderzoeken. Er zal 
meer onderzoek gedaan moeten worden naar het precieze verloop van 
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Prof. Dr. D.S .  Postma, en mijn  co-promotor, Dr. N .H.T. ten Hacken. 
Professor W. Timens, beste Wim, als eerste promotor bewaakte j ij 
de hoofdlijnen als ik weer eens een zijpad wilde inslaan. 
De communicatielijn  was prettig kort. Vooral tijdens de Iaatste fase van 
het onderzoek was het een verademing om te pas en te onpas te kunnen 
binnenvallen om met jou van gedachten te wisselen . . .  ondanks dat het 
tempo van de discussies soms Ietterlijk  wei wat erg hoog was .  
Professor Postma, beste Dirkje, je hebt al  heel wat promovendi voorbij 
zien trekken. lk heb me vaak verbaasd over je onophoudelijke 
enthousiasme voor mijn onderzoek. Opvallend is je brede kijk op aile 
facetten van longziekten. Je voelde altijd feilloos aan (zelfs via de mail!) 
wanneer ik even een 'mindere' periode had, die daarna dan ook weer snel 
over was. En last but not least ben je er een meester in om mensen over 
z ichzelf en hun toekomst te Iaten nadenken, alhoewel ik er niet zeker van 
ben of je gedacht had dat ik nog verder zou gaan studeren. 
Dr. ten Hacken, beste Nick, ik heb het je als je eerste promovenda niet 
altijd makkelijk gemaakt. Jk ben erg gesteld geraakt op onze discussies, 
waarin uiteindelijk  bleek dat we er hetzelfde over dachten, maar dit 
anders verwoordden. lk heb vee! van je geleerd en ik hoop dat in de 
toekomst te blijven doen! 
Wim, Dirkje en N ick, ik waardeer het bij zonder dat ik in Groningen 
mijn interesse voor fundamenteel onderzoek gekoppeld aan de praktijk 
uit de kliniek kon ontwikkelen en uitbreiden. Oprechte dank voor de 
nauwe samenwerking, die extra waardevol bleek toen ik met de studie 
geneeskunde began. 
Daarnaast gaat mijn  dank uit naar Bea Rutgers en Ivonne Lesman-Leegte. 
Beste Bea, als analist heb je altijd het reilen en zeilen van dit project op 
het lab goed in de gaten gehouden, niets was je te vee! .  Je opgewektheid 
en inzet hebben me altijd erg gemotiveerd! Ivonne, als cursusleidster 
van het stoppen-met-roken programma had je een belangrijke rol in dit 
onderzoek. Jouw enthousiasme en strenge maar rechtvaardige optreden 
waren geweldig! Ik wens je vee! succes met je eigen onderzoek. 
I would like to thank Prof. Dr. L.M. Fabbri, Prof. Dr. P.J. Sterk and 
Prof. Dr. T. van der Molen for their willingness to be a member of the 
review committee of this thesis, for their comments and for their 
presence at the thesis defense ceremony. 
Beste Thys, naast het beoordelen van mijn proefschrift en het z itting 
nemen in de beoordelingscommissie, hebben we samen met Siebrig 
Schokker aan de CCQ (Clinical COPD Questionnaire) gewerkt - hetgeen 
geresulteerd heeft in twee artikelen. Het was een goede ervaring om meer 
inzicht te krijgen in de huisartsengeneeskunde. We zijn  het erover eens: 
de noodzaak om onderzoek goed te kunnen vertalen naar de praktijk 
blijft. 
Dear Dr. J. Shute, dear Janis, visiting you in 2001 was not only fun, but 
it also resulted in chapter 8 of this thesis. I thank you for your input as 
co-author and I hope that this chapter is only the start of our cooperation. 
Dr. M. Boezen, Mariken, bedankt dat ik je te pas en te onpas mocht 
bestoken met statistische vragen! Dr. E. Dubois, Ewoud, bedankt voor je 
snelle kritische Engelse blik op hoofdstuk 3 .  
Op het endoscopiecentrum was (en i s )  Alie Smidt het aanspreekpunt. 
Beste Alie, het was prettig dat ik altijd  kon binnenlopen om "even" een 
bronchoscopie af te spreken. De manier waarop je  de deelnemers iedere 
keer weer gerust kon stellen is bewonderenswaardig. 
En niet in de Iaatste plaats wil ik een aantal mensen van de afdeling 
pathologie bedanken. Allereerst mijn kamergenoten, eerst op de aio­
kamer en later op de "longen"-kamer: Annemieke, Esther, Mark, Ronald, 
judith, Andre, Ymke, Barry, Barbro, Machteld, Anneke, Mieke en Corry­
Anke. Vaak vloog ik van en naar de poli of van en naar het lab en zorgden 
mijn telefoontjes nog eens voor extra onrust. Andre, bedankt voor aile 
hulp bij de "plaatjes"! Monique, Maaike, Mieke en Paula: dank voor de 
hulp op het lab en de prettige samenwerking. Hans, Richard en Roel wil 
ik speciaal bedanken voor hun eindeloze inzet om de morfometer aan de 
praat te krijgen en houden, super! 
Op het Iaboratorium longziekten en allergologie zijn veel analyses 
gedaan. Dorothea, het was goed om met jou de ins en outs rond de 
sputum-analyses te kunnen delen. Verder ben ik jacobien, Ibolya en Ineke 
erkentelijk voor het uittesten en analyseren van de diverse metingen. 
Aile longfunctietesten zijn  uitgevoerd op het longfunctiecentrum, waar 
ik altijd een beroep kon doen op Marga, Alie, Arco, Martijn, Karin en 
Margarita als dat nodig was. Bedankt voor jullie flexibiliteit! 
Evelyn van het secretariaat longziekten: bedankt voor de mailtjes om te 
zeggen dat er weer post, alias werk, aan de winkel was! 
Mijn medeonderzoekers binnen het GRIAC/afdeling Longziekten; Gerard, 
Jeroen Ue hulp bij de screening breng ik ook nu nog in de praktijk), jos, 
Hester, Maarten, Toby, Siebrig, Elisabeth, jaap, Marlies, Hajo, Floris, Erik, 
Irene, Henk en Margot, Franke, Judith, Naomi, Cleo en Wouter: jongens, 
bedankt voor de Ieuke discussies op de dinsdagmiddagen, de gezellige 
congressen, barrels, bbq's en onze eigen 'retraites in Friesland '. 
Hans, bedankt voor de finishing touch van dit proefschrift: het geeft 
voldoening dat ruim zeven jaar onderzoek zo vakkundig gepresenteerd 
wordt! 
Tegenover mijn vrienden wil ik mij verontschuldigen voor de sociaalarme 
periode die ze hebben moeten accepteren. ja, het wordt nu rustiger, maar 
ik beloof niets. Dear Brett and Theresa, I thank you for your continuing 
support from Down Under! Hopefully we will meet again soon. 
Verder wil ik mijn broer Mitch en Suus, en mijn  schone broer Derk jan 
bedanken voor de morele support en de welkome afleiding. Lieve oom 
Martin, ik ben blij dat j ij er bent. Jij en tante Man gingen mij voor op het 
onderzoekspad en de momenten de we met z'n drieen hebben beleefd 
zijn  om nooit meer vergeten. In het bij zonder wil ik oak oma Eijsden 
noemen; ja, oma,"'t kind is eindelijk  klaar". Het is verdrietig dat u dit  niet 
meer mocht meemaken, maar ik ben u dankbaar voor uw altijd aanwezige 
belangstelling en trots. 
Wie ik niet mag vergeten zijn mijn paranimfen, Nicole (Niek) en Ruth. 
N iek, j ij hebt mij mijn  hele Ieven al meegemaakt en wat mij betreft gaan 
we daar nag even mee door. We weten heiden dat chocolade altijd helpt 
en een betere verslaving is dan roken. Ik mag je niet bedanken voor je 
gezellige inzet (met chocolade) bij het laatste hoofdstuk. Ruth, j ij hebt 
mijn  tijd in Groningen optimaal gezellig gemaakt en gelukkig blijkt de 
afstand Ti lburg-Groningen peanuts. Dames, ik ben blij dat jull ie vandaag 
naast me staan. 
Lieve pap en mam, jull ie onuitputtelijke steun en relativering zijn 
ongekend. Als ouders doen jull ie iets wat heel belangrijk voor mij is :  
jul l ie staan altijd achter me, ongeacht welke keuze ik maak. Zander jul l ie 
was het niet gelukt. Ik ben blij dat jul l ie er zijn !  
En als allerlaatste dan David. Lieve David ,  ondanks ai le drukte (of is dat 
een understatement?) hebben we elkaar, Groningen, Friesland en Drente 
tach beter leren kennen in de afgelopen jaren en dat is maar goed ook. 
Nu is  er tijd voor een nieuw fenomeen: samen uitslapen in het weekend! 
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